SYSTEMS AND METHODS FOR MAPPING BINDING SITE VOLUMES
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ligands. An in-depth analysis and classification of binding _sites on the
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a macromolecule where a ligand binds or could potentially bind. The determination of
binding sites is an important step toward the rational design and discovery of novel ligands.
An in-depth analysis and classification of binding sites on the surfaces of the known
macromolecular structures might also improve understanding of the processes involved in
ligand binding and selectivity.

A manual definition of binding sites is laborious for several reasons. In most cases it
is difficult to define exactly where a binding site ends and free space begins. Macromolecules
may have surface depressions of various sizes and a manual inspection may fail to find all
relevant binding sites but the largest one. A manual definition is also impractical when large
sets of macromolecular structures must be processed (e.g., for statistical studies of pocket
characteristics). Several attempts to automate the identification of binding sites have been
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in analyzing binding sites of macromolecules in order to visualize the properties (e.g., acidic,
basic, polar, nonpolar, efe.} that a potential ligand should have in order to be complementary
to the properties exhibited by the binding site of the macromolecule. Thus, that are needed in

the art are improved systems and methods for identifying and analyzing pockets of

macromolecules.



The present invention provides processes, apparatus, media and signals
that have many useful applications including, but not limited to, identifying
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searching a model of the macromolecule for the binding site using an energetic function, a
grid based algorithm, a geometric algorithm, a classification method, or a direct method. Of
course, a macromolecule may have more than one binding site, each of which can be analyzed
individually using the systems and methods of the present invention. In some embodiments,
the identifying step comprises searching a model of the macromolecule for the binding site

using the alpha spheres, which is one type of geometric method for identifying binding sites.



In some embodiments, the second characteristic of a respective portion of
the macromolecule that is nearest to a respective region in the plurality of
ions of the surface of the binding site volume map is a hydrophobicity
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candidate binding sites comprises three or more alpha spheres in the second plurality of
spheres, and where at least one alpha sphere in the three or more alpha spheres is hydrophobic.
In step (vii) each respective candidate binding site in the plurality of candidate binding sites is
ranked by a number of hydrophobic contacts made by the respective candidate binding site to

the macromelecule, thereby forming a ranked set of candidate binding sites. In step (viit), the



the macromolecule, thereby forming a ranked set of candidate binding
sites. In step (viii), the 4 binding site is determined from the ranked set of
candidate binding sites. In some embodiments, the method further
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volume map based upon the first binding site as well as determining a second binding site

volwme map based upon the second binding site. A third binding site volume map that
comprises a volumetric combination of the first binding site volume map and the second
binding site volume map is then generated. The third binding site volume map is outputted to
a user interface device, a monitor, a computer-readable storage medium, a computer-readable
memory, or a local or remote computer system, or the third binding site volume map is

displayed. In some embodiments, the first macromolecule is a first protein and the second



a user interface device, a monitor, a computer-readable storage medium,
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following steps. In step (i) the Voronoi region of each atom of the first macromolecule is
determined, thereby determining a plurality of Voronoi regions. In step (ii) each Voronoi
vertice in the plurality of Voronoi regions is determined, thereby determining a plurality of
Voronoi vertices, In step (iii) an alpha sphere is assigned to each Vorono1 vertice in the
plurality of Voronoi vertices thereby determining a first plurality of alpha spheres. In optional
step (iv) alpha spheres in the first plurality of alpha spheres that have a diameter below a first
threshold and alpha spheres in the plurality of alpha spheres that have a diameter above a
second threshold are eliminated, thereby identifying a filtered second plurality of aipha



Voronoi vertices. In step (iii) an alpha sphere is assigned to each Voronoi
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hydra/pilia Qﬂg&:@f‘%‘i ﬁLhﬂaéeophw}Htspa&alpﬁ@@pﬂ@f@@m@tdfauerasgmmetgﬂﬁmﬁe

a . secon reshold are elimjnated, ther identifyi i d d .
Form ) SR B HGHE h ) BAR bt QG s i
the sseedrdupdiitalitydftspipbress e tassiié:ngd @srabm\jqimpgi.ﬁ@hpﬁéyeoﬁ randidate
bindi%g{%em ) esgﬂﬁ E%sgé‘&?«% oL aRAP wd%%@ﬁerﬁﬁm%gmeaﬁe}%r&ﬁaiéaam a

rogen bond with an atom of the macromolecule. In step’(vi) the alpha

bindiggisiies sHmntitcsdeener phoraylor sibtrasdpriscecapd eluxiébesy tiahaspheres,
and VRETRGIERIYRINR GARMARE . BiRding @E@@_awggb%ﬁ@hsrﬁfﬁﬂﬁﬁﬂgﬁc.. In step
__candidate binding site in the plurality of candidate binding sites comprises
(Vi) RRrBSPRREYE SHBHAD RIS 1th & SBE BHAN Y alif7wH TS PReTEe; Marged
by a Whskeraifleaiophshl phaspherldningdhasatvnosedalpladisdhey eiseis the
hydrophobijc. In s vii) each respective,candidate binding site in th
O 1 B4 BN Lok R by SACI Gt of hyGHORAB
deterpgntdicts wﬁ&@é:by&it@swsﬁwum wakdicate biauidpifdtdingeites is made. In
somd LRHQIALRGH IR ANRIERLIOING: friankediRelRb capridate binding s?ﬁa%s prior
In step (vil), a determination of the binding site from the ranked set of
to the shisfgrERS BiPRIY- sHetorpsadedimesb the a%@m&ﬁ@ RaB} cRipdsae

recei@}ﬁ@t% §_8@§%§t8ﬁ d? %Q?nﬂ?@&@gi%gggylel ﬂlx@:]fﬁa_xgﬂh? rﬁ_&:_ﬂﬂﬁ&aﬁ@ﬂﬁ‘@i)ng sites from
clustering step (vj). In,some embodiment, the determining step (viii) ,. .

o usGEoAHOL LA B AP AR AAHEDM ATHT RES eyt
In scoficamnbishte-hindirgisiteaifiamsapuse) wihese shaleantigdie dumtlinge $iteding

site %e&%c%ggcgé{ tg'te 2§ rcfi%i%g %ﬂﬁ‘&% tosi%% H'E & geilgcejxi ﬁ%}ﬁgﬁ\ml Qu%gggﬁof hydrophobic
embodiments, the etermining éep vnS comprises deeming the
conteginditthtdbindimmeiteuls thoe diikeiddag sitcaldidatecbibaiigaitashnakustering
MR ATAS QEMQ@%H% pRiasisYdthe naggaelaaue
Step?c\)% gothe bindingﬂsite. In%some em odimeﬁnts, tt%tta clust%ring stetgfr?vi)lﬁlﬂw
spheggimprises single-linkage clustering of the plurality of second plurality of
alphasspberas dimhepr)ehehacdiments, dhed atermititiosiofidiedis shap
binding site volume comprises placi rig.on the alpha spheres in
com B GBI IS ARIE T PUrOR AR R R gt
comptisss, aipdufirstyonf dindreibets/ Gllnere teafiris boehtifiedeas hitngrickpaintsitifibéas all
..arid.th tisfyi .criteria,af (i) falling, jnsi Sc[ﬂthecr
g#d ' i%giF ﬁgﬁ s%[% %ﬁ‘?g@g%g%}%gé%eé %%%l r?%)taﬁp%rggg?gr@n%%? Sgci!lsgtg%ce of a Igg%{b? the
bindipesitrorrep il sreriBeonmotdeisianinsd shttgenal théeti@isoing fiuke first
machGHis ¥ Rathseienion:d) ARG phinsome: embdimgrbiaeihe piedeterMinedme

distance is a distance between 1.2 Angstroms and 2.0
embodiments, the predetermined distance 1s a distance between 1.2 Angstroms and 2.0

Angstroms. In some embodiments, the predetermined distance is between 1.35 Angstroms
and 1.85 Angstroms. In some embodiments, an interaction map is generated from the third
binding site volume map (the composite binding site volume map) in which each grid point in
the binding site volume map is assigned a first characteristic that is complementary to a
second characteristic of a portion of the macromolecule that is nearest to the respective grid
point. In some embodiments, the portion of the macromolecule that is nearest to the

respective grid point is a residue and the second characteristic is one or more molecular



Angstroms. In some embodiments, the predetermined distance is between

1.35 Angstroms and 1.85 Angstroms. In some embodiments, an

interaction map is generated from the third binding site volume map (the
propegtieh 9H I Bkt (- Sitd RFoRAS ERBPIRETRST Scingrriepsintshionizin Table 1,
belovBinding site volume map is assigned a first characteristic that is

complementar

to a second characteristic of a portion of t . ,
mAGRSREHASRER ‘fﬁ&’ﬁi?ﬁ%@?é‘é‘(‘i%“ﬁfépfé’é[ étﬂféopﬁ’ri?&“%ﬁ#%es%ﬁi’éum storing
a congMaoditpents pitbéupoeicmuahibéymacramoteculeviliattisataadest tocthea
macriEneSHye-Biid point s a residue apd the second CArACeHSIG I5,008 Of.
“PRore molecufar J?nBropé’rtlgsa%lfgi’fua\ fesiaue. (e.g., e mo eculiar prgge ies
bindipg tie afthsoracidnslechbrtvhe:T disldindibe Big)s Aneieraagpuditnpihesidues
and WHEIGHL MBICHP [98&%%&&?%30{%@%% e, Mediumystasingu®r program

computer program product, executable by’a computer, to evaluate a
prodyhERrBeS ReTBPASeAasTIRTORSCdetsa HERS SURE 8 GHEHOBBG JRep of the first
bindieQ MR s@R O SEUGHARS fokidantly ngtbempI@NgSHR @ tHiehas a plurality of

. macromolecule, where the binding site is lined by a pluralii 0 res%')glues .
reBioq RSB RS RE L S REN s B e TRy TG ARG HERD e e
reSmempmg{amumm lmétefgimihepﬁﬂm pmm imﬁﬁnaﬁimiisgeﬁdgmpmm (e.g.,
cach SR 1 ONNG TRR AL B! b%@q'a%ﬁlaeﬁw@gat RN site

olume map comprises a surface that has a’plurality of regions. The

complerRpItRET isrograpnprbalaetetintinel acnipraes thamagtiunelfeplelatinpsgrest to
the rEQERuTESRESHVR LRGP B dhE RIWRIN RS egionmabihe sisfacaatdhge

binding site volume map (e.g., each grid point in the binding site volume
COmPHEH PRAERY BRI HrbeA PRSP e sdBhIEHIEREAR B AECBRrP L0
a usEhaeiesisticiel, a podion etthemacramaircitiedhaiisinearesbigmileereadable
respective r?gion, therelgﬁ/ ctreatint% an jﬂgeracttiorf map, dq. some .,
e b timERts, the™ %Sr%optﬁlér%%%rénm pr&%%fvf‘fﬁﬁér c&rﬁcﬁlra}sgsm somme
embiditractohs fengutputingrthepintbidciorpnsapitstractises fntelifpbey devisebiading
site %RQ@&%pomputer-readable storage medium, a computer-readable
memory, or a local or remote computer system. Alternativelyor
addineihanysmcsohihe SFBBemTOmBritEe POPPURE TGN Phaey binding site of
a mAPIHRNISE SN YpHians. flHisRIaNOHBeRpAINE SHenveHBsuplePto the
Another aspect of the inventjon comprises an apparatus for evaluating.a ,.
PrOCifRling R RAUNIRERS T A R i epine
site ahflanmaemanicaiepiéd-talibéimpiogaisds.lihbé tmemnyglgtosé scaidnedalé where
the 1%85‘}5’ ngll qslrclvs Eggti?n%f({)r%c&%%%ﬁ)gﬁgéa%g Ienec.j' e?nr[c?fig{etpue}th r comprises
macremolecute, where ths BiRdiNy site Is Ined by a plurality o resiaues
instrandonhBred divenimingbinding sptioriafly bap pidherasibiigaedfieaiFrrethe

bindf @H@J&G&%%&ﬂ%ﬁ%@éeé@%&@@%{Q{agjgﬁﬁmﬁwgfﬁé@%ﬂm. 8118rid points).
volume map of the first binding site, where the _ o

The module further comprises instructions for classifying each respective region in the

plurality of regions of the surface of the binding site volume map based upon a first

characteristic that is complementary to a second characteristic of a portion of the

macromolecule that is nearest to the respective region (e.g., the nearest residue on the

macromolecule), thereby creating an interaction map. In some optional embodiments, the

module further comprises instructions for outputting the interaction map to a user interface

device, a monitor, a computer-readable storage medium, a computer-readable memory, or a



binding site volume map comprises a surface that has a plurality of

regions (e.g., grid points). The module further comprises instructions for

classifying each respective region in the plurality of regions of the surface
local Of fREYnERAYits VSTare ings p aBEaNGhIREO FrBerthAhs credelscomatriges
instr@&@NRIEPentaLyile asesand.charaaieisticapf a portion of the

macromolecule that is nearest to the respective region (e.g., the nearest

M R S S i i S
stori@mmmh@nm@mﬂimmmtmwe ﬁqmme@pm pb@&mﬂucﬁmﬂmg site
of SR QUIDYIING e Jpteraction map 9.0 user nterface devie, @ MRNIL &

_ ucom‘putrer-readlagle storage medu%m, a computer-readoar%?e memory, or a

blndﬂﬁ&atwrr@th@temm_bmﬁnsyém. dntsoally dptiovefeerhbotizanshise thhe
comgugﬂwsg?&mpfma H&%ﬁ#f‘s@? NRAQESUSRIRYIRG ANE, RIPAIRG: SHSINGIMAI DA Re

Still another ‘aspect of the present invention comprises a

first paRpAds e AR BIE At HiE A e Ayl e st it Sreardmastamalgeule. The

comﬁﬁ&%@%@nﬁﬁf@iﬁ&rﬂﬁtﬁ&f;a&%ﬁ%é_@@ﬁf@rﬁcf}fﬁime@@iﬁﬁir@aﬁf}ﬂﬁﬁblinding site
macromolecule to. a can Inaing Site a secon nacromolecule,
volufy A REH S T S RE R TG S A R L S SIR Cry, B
base@x@t&rd@ypﬁqahwﬁr&mg'aim Timnmn;anq:rrpgmmrmnﬂﬂmt fothprisegprises

e 0 B S R A e o
the fgeirhpdias pregiarMsraen cofLiih srcesmprdmeimstritisies o dEbe PImTHE a

prog%té?m&%ﬁi MBI MR RASEAHRORRR '(ﬁﬁi?éﬂﬁm&t%iﬁéﬂg%ﬁ@%ﬁme
second binding site volume map based upon the second binding site. The

map 5%h‘bﬁﬁfé?tﬁFE?jFaﬁlﬁVﬁ?ﬁcﬂj@Pﬂﬁﬁﬁé’rC@é‘?ﬁﬁ’i‘?§'§'§a‘?ﬁ§’tﬁf’&?f8ﬁ§Wﬁ’é‘h@r&?ﬁ@“&“’
readibiechizindingositelo@iLsaecmap tbabiga welikmetTitecombpinatinn @inipestitst
. binding site volume ma d the second hindi ite volume map. The
opt g R B e O L B s VS s B g
theMimitheb asging Sitde/plesere ima}pﬁtm aselentedppe devioce canmamnipr, st
bindl?fmlﬂé‘@*érﬁﬁg able SIREA e LMy fRRYIGE 92dable MeMORNLI98 A

ocal or remote computer system. The computer program Eroduct
whegsihie fiath2eo HH5AB SRERTCHBE FoPHMIIA Ry e ik biHerRg Bre The
appa\f@dmen@ﬁ@es%mgﬁs@ﬁ@taqﬁih@,agc%@aﬁré@vcemm cﬂf&y&es}"lmnlemory stores
apparatus for comparing a.first binding_site of a first macragmolecule to a
a eyl R RGP or S SR KB HALTB HEIBER et SR i End

macsesdac:bindivgl sitthasecoptibiallyg bit pfefersdoly;digandiftelecdibe The memory
rurtiBPRATBIYRGOTRIIRES, KA %%%E;a 11"% %ﬁ:’?&%’i“%ﬁ%’e saupied, g» Mceq upon the first
processor. € memory stores module comprising Instructions fo

bindigenittyiagretleefisstsiorirandine oftthefirse muchernd lavuldhassvenddindiag site.
The 38504 RIRAING SitE A HRe8650RY JORGHAMOLEEWE I OBt HRET that is a

stores’instructions for determining a first binding site volume map based
voitg}%qﬁctpfgrfh@lanon of the first binding site volume map and the second binding site
volume map, The memory optionally further stores instructions for outputting the third
binding site volume map to a user interface device, a monitor, a computer-readable storage

medium, a computer-readable memory, or 2 local or remote computer system. The memory

further optionally stores instructions for displaying the third binding site volume map.



binding site as well as a second binding site volume map based upon the
second binding site. The memory further stores instructions for
generating a third binding site volume map that is a volumetric
combination of 3 FiFsP 'ﬁ@ﬁg&@%%%ﬁ%%w&m%cond binding

SitEig@W@%@%&ﬁEi%ﬁﬁﬁi@iﬁ@&?@ﬁﬂ@EM&K}%’ SLOKSRIR §§rﬁﬁﬂlgﬁk%ﬁﬁﬂecuies,
outputting the thi Inding site volume map 1o a user interface device, a,
such B RS B PN FES Y SRR R I ESHD REP ISR fabTes in
accortemonyfloraaipeal ditherdtdéosamputer system. The memory further
optionally stores instructions for displaying the third binding site volume
map. 9 BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 illustrates
antapparatiestoienappifg bliedmepsine olding siin Yohepeiiowegiesolsedps in
accoM@%%‘ﬂﬂ%@@ﬁMﬁéﬁ%% &%ﬁé&%‘hﬂ%xﬁ%ﬁpan”g bmdmg sites Of
macromolecules in accordance with an aspect of the disclosure. Figure 2
illustrates a-method for mapping binding site volumes in macromolecules
in AeeAYdanes-wilthav eroRadisoenbedithe praseobimentian figw e Iwo
. illustrate the Yoronoi decqmpositi f a set of zero-radij atoms.in t
SR e G SR R R
Vordmungiriesuefdhevi/grtines.regions are shown as lines. Figure 4 illustrates
a method for comparing binding sites of macromolecule in accordance
with an embodiment of the present invention. Figure 5A illustrates a
corrpuuite BintRies sitasbhinie benpasnhintReries olevaropggalaiid
accordicth@lis.aniusssactons lyRe-ln aceandance with an embodiment of
the present invention. Figure 5B illustrates the inhibitor R1487
superimposed on a binding site volume map that is the intersection of the
P38AArand iNK2kindngnpibeirdimiadrapsduaedamiant ehwitticarimolecule
mbogi t of the present invention. Figure 5C illustrates.the molecular
P38 R A s B g e e R e o 2
presspfpevienpased onto a volume map that is the volumetric combination of
the binding site volume map of the P38AA kinase and the binding site
volume map of the JNK3 kinase in which only those regions unigue to the
P3BigArp I HYS EHES BRI TR kSpRaHTHS S8 o irdEhibidivme map

that I8 theiResRAbINYEREQN 43\ pagsiies kel wedeis.sHARGa 8fchitance with
unigye volume based an attributes of the P38AA volume map. Figure 6B

an efphepmen! b BISNEPE & re of RO7125. 10

Figure 5C illustrates the molecular structure of R1487

Figure 6A illustrates the inhibitor RO7125 superimposed onto a volume map that is the
volumetric combination of the binding site volume map of the P38AA kinase and the binding
site volume map of the JNK3 kinase in which only those regions unique to the P38AA binding
site volume map are kept in the volumetric combination. In the present invention it is possible

to color code the surface of the unique volume based on attributes of the P38AA volume map.

Figure 6B illustrates the molecular structure of RO7125.
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Figure 7A illustrates the inhibitor R09552 superimposed onto a volume
map that is the volumetric combination of the binding site volume map of
the P38AA kinase and the binding_site volume map of the JNK ki.nase in

WHISH B HESEAEY RS BIRRIS e SHAR IR S A YUt Ram Tt is the
voluakeriapnibitad acobithe tria dogin atihm gy ef 1R s atemibeambive viading

.. Structure of RD9 gglgl ure 8 illustrates.the inhibitor R06257. b in.the.
ste G T O B LR R R B L M

site witerrawep 2ire hegiordan celwithrancembodiment of the present invention.
DETAILED DESCRIPTION Residues lining the binding site within a
macromolecule fold define a unique volume of the ligand binding site.
Mdpgiieg Rl pbiens Binangeite aleiépreties-22macromolecule
perspective" of expected shape and interactions of a potential inhibitor.
Vayjations in binding sites of related molecules can then be explored to
e B G| BRETS? (AR SaRaEorhy RS i ByC e Brleh b dipese

withprointes systensoatid bisihgdstéairewaluatingpaifineinghsitecrabadiment of the

m{acromcolecule. The systems and methods have advantageous
present 1nvention

applicationin the field of ligand design. For instance, the systems and
methods of the present invention can be used to generate interaction

maps that allow for the yiguplizafionpt qrpitaalespace and expected

ligand-macromolecule intermolecular interactions in the binding site.

FuRREHSEYeheyRineing sifdvithimadepriipiecniseld il lyigms yolme
of thégan@ CrassHeaediviliapbhis iﬁbe @é&@m Bii&hﬁlg b pRifortdSe! apatiansule

intersection, unique) on the binding site volume map of twg or more. .
pers B R UMY BE0 DRETRS S 10 Heh Db s SR G i binding
sitescofimaiatiatity @uiffene ticesbe ket bindimg Sitegiofd o orgadne selectivity.

r . lar [ S,.Fi i e
A P SRR 15, L R i se
of a THersiteRId pretsiablnaied msthedsdiate A mraasong epplieetnran the ficld of
ngama@@d@%in 804 B ce 2 RRANLRRR-MRlilensiRragR LRt A for-8%BIRIe bR used to

IS

hard disk drive, for storing software and data, the storage unit 14

gengie iBIREF BRI RIJRAE SHEFIRF 1S vigue)iZab R AT DRB SRS rRRAISRPRTGH
ligaspeedkansiemianaessaremany dahibhs iaristaing mysitenraantiaiore, the

s BRI B SR RO SoTBPTR OO s e
accangilishe ddadofiyrmameryi@RaOM) (htaseserinteipes S2thebimphigingeoméume
mapoéf{{wg%xi%&{e ARMERS(EctieOYRIAI g‘@rations allow for the visualization of
commonality or differences between binding sites of two or more macromolecules.
Exemplary Computer Systems. Figure 1 details an exemplary system for performing
any of the methods disclosed herein. The system is preferably a computer system 10 having:
s acentral processing unit 22; ‘
¢ amain non-volatile storage unit 14, for example, a hard disk drive, for storing
software and data, the storage unit 14 controlled by storage controller 12;
e asystem memory 36, preferably high speed random-access memory (RAM),
for storing system control programs, data, and application programs,
comprising programs and data loaded from non-volatile storage unit 14; system

memory 36 may also include read-only memory {ROM);

il



and a display 26 or other output device; a network interface card or other
communications circuitry 20 for connecting to any wired or wireless

communication network 34 (e.g., a wide area network such as the
Intern®t);2 BFFTHISTHAT DR UM RISIERTGTHE df5ieihEnhtiohedoard 28)

elements;af hgisppstessamekraRgwearspEIce 24 to power the
aforementioned elements. Operation of the computer 10 is controlled |
primafily bYSANGH EHIHREE S teth BT AR ioBa (P B e gprnecting to
processinguirit2Po:pelating sysiaadOncanha s o egoln Sysde At e MR MY
36. In adtsjli}égrglst%jggn%eé ting system 40, in a typical implementation, a
system memory 36 Inciudes: a file system 42 for controlling access to the
various filesiaachddtas Stidcturescasedtby the discloseidosystdmseandf the
methods; ﬁtgf[?q%l depository 44 comprising a plurality of models of
macromo?ecu es % (e.g., determined by X-ray crystallography, nuclear
magneticargsorasicece Bdrivapogyriicodlrgnortotrel dgresttescopic or
modeling methods), in which each model comprises a plurality of atomic
coordinates for a macromolecule; a binding site identification module 48

for' RISHAMM G BRI Bafurdatied e sRE SbPReTRERESHIBIBANeVhich
is exaf\deanionatiyisigntifving easofthe eandig aiabindingsitesostha Bineing
Sited%lo %fthfle .@acromolecule; a bindirla site volume mggndetermination
me & B R A TR AR SRR & X0 G (VRS Fh MR PE A S P A T Pt RIS
menBOydfaimbdel.of a macromolecule 46; an interaction map construction

module 58 for classifying each respective reaion in a rality .of regjon
e ST S R RS, Lo B A RN
macromolsedley4beshsderepenstanchard ctetistis;of one or more residues in

the plyralify, ofLeaidues i{g/r%e@%ﬁﬁ?@@?@%ﬁ@&%%&‘&%ﬁﬁ%éﬁ% ecules 46

respective region, thereby creating an Interaction map 60 for 1 Inaing
site 50 of ¢l AsiRIFBINS dYUTe 46 Chivt nsranimatvid ws mbergtio rerabisR

62 for gengraling,A-+UBRasite Hinding sl ¥pldmedbanifg Hald8sR in which
volumetric combination of at least a first binding site_ volume map 56 and

a second BIFHIAG EHECTRTFRRTRABSBET OURDHLRPERFIR FRy Grgapromolecule;
compuier A8 ensisescaa v progian frodiesanthdaige or more candidate

binding sites of a macromolecule and optionally identifying one of the
candidate binding sites as the binding site 50 of the macromolecule;

e a binding site volume map determination module 54 for determining a binding
site volume map 56 of a binding site 50 of a model of a macromolecule 46;

¢ an interaction map construction module 58 for classifying each respective
region in a plurality of regions of the surface of the binding site volume map 56
of a model of a macromolecule 46 based upon a characteristic of one or more
residues in the plurality of residues in the macromolecule that are nearest to the
respective region, thereby creating an interaction map 60 for the binding site 50
of the macromolecule 46; and

e a volumetric combination module 62 for generating & composite binding site
volume map 64 that is a volumetric combination of at least a first binding site

volume map 56 and a second binding site volume map 356.
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structures, The data structures stored in computer 10 include model
depository 44, models 46, binding sites 50, binding site volume maps 56,
interaction maps_60, and composite binding site volume maps 64. Each

of HiaLBSHAH RGeS CARRBR NSO TRy T i O SR Sfracaadules and data
struciieitiding, daut nnichmitecbted ancbfilieon bimarydileodsl Bxeet spyeddshdels 46,

._.arelati .database L), or an.on-line analytical processing (OLAP
bind S R D e A R e
site vVABGH mg;bﬂ héryHile; @ﬁ@d@téamrﬂm@m hmriamnﬁléofm@fadata structure
inclugf VERHonAMAROW N NI R, ¥ AINSENISE: M RPREIRQdIMEnis,aRch

the aforementioned data structures is a smgle data structure. In other

databagsriSBimetftan stichng anaisticmress singd pasBhass (VAR srdtenyariants

there%‘f'jl.l@tuf@@r(%en%ﬁﬁ@@&% ofi kﬁﬁA@@iyﬁ%ﬁ}?tﬂl@?ﬁx@H%ﬁ&h@é B& be in
hosted by the same_computer 10. For example, in some embodiments,

any Hle PEGEHENIESRP AR A SOYHR ThBY 859ReikEStepository are stored
eithescott earhpiiiesntd) ant/of the doeeemioreCoapuiersiiteaikarangle data

ddressable by, computer 1Q across wide area network or Internet 34,
s T T e e

structamstie £i) dredesnideneherc 0hdimeiorethantaicohbierishtoftbosputer
com%\g@rfg. 0138? EWH?&)W&%M&@QSL%W rc?ep]x)s‘ A %qHE%§@Q§%6 n

y computer 10 across, for example, wide area network 34, or (iii) are
the dentrbiRaly Srotoaethoifist SHEPBRHER LhandromeReBNE FEBhTOMBrS(hBE: are

addriligstratgdeinhipaere (Licthatae agdressableobmeanputeriaenassdor
example, wide area network or Internet 34. As in the, case of the data
Ghitba" Shaiesd

embadimerie 0% Shithp aTiSHIEaRSd thk TR 6T 7R DR GHSIRE S MioRtRe $h ! 0> (1)
storcdign mcﬂ:m_himaiem dife:dxmqated Methgmmmc(t@ﬁdimt_e@n Fegure 1) that
are SXSATRIS. ), é%%t%m%oa‘%%‘s%nf&t@r?;‘ag?d%[%% et (g&v%ﬁ{ %f({‘&?'&m%{@ed

as wep service rvices. nsu’ch e ments, bin Ing pOC et . ]
remdgrdniffsadiohthedduiéras obipekrny slesodhpmrompipcaeterlhatisiehipdigare 1)
that 2% dRleLaGaN A ERRStIAClion MRFWe. BR1aNGHeE ¥RIMBRIUM or Internet 34.

combination module 62 can reside on a client computer that is in

corftirificatfsh Rithe CHmPUIErEs i HoR: SRS atrIdbm B e b i andyles
ilusferexanmplaranyeambinational bindiagpackei-identfeatiaarmdduledtple, in
bind'n%.sitee/%u&He rp%gddet rnﬁination OdLIIlLt% 4§ v&g‘g%ra}ct‘i:one@v? ) 1n such
SO SR EEH TSHUTE B8 AT Voltmetric combination module 62 can be an

embintanantivaindhemgeeieithicefitneolelycighiadinasaglwiennap the
dete%lﬁaﬁg}f %HB%%%QE’ 1ﬁ%§%&5ﬁ m&?&ﬂﬁar&é‘d%ﬁ{%%ﬁdﬁ ggg&lﬁr(ﬁo]r Q5. QR& Y

more computers is within the scope of the present invention so long as
compjpaigog 36 dthe LTS EHECOTHVERIThTOHIUS TS 8 d SSBEIIBIGRER T Sd bt
conduRRG0 QANRERAGOSS. NBvKK SRt RYAthabelREHpN CameaRshihktis: dh8inding
S Ar N AN O e s A AU P e
interaction map construction module 58 and volumetric combination module 62 can be an
interactive web page.

In view of the foregoing, any arrangement of the data structures and software modules
illustrated in Figure 1 on one or more computers is within the scope of the present invention
so long as these data structures and software modules are addressable with respect to each
other across network 34 or by other electronic means. Thus, the present invention fully

encompasses a broad array of computer systems.
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13 Evaluating a macromolecule binding site. Exemplary computer
systems have now been disclosed. Turning to Figure 2, a method of
evaluating a binding site 50 of a_macromolecule 46, such as a protein or

NUENEERE AT AR EIBEls IS RS R thETRBING CORRYED YIS TR ABIR BT
beenSiiecRR @l thenmaciomplesule sl isoddenilindiAs sadifierainstherterm
q%ﬁr%oigcule and "a model foEama ron&ol cule" are used
TR Ade Bich T BGIRG THE A AR of recidues and
typSoallgaz ﬁg&tﬂﬁeﬁmd%n@m@h}n@lmmﬂn@smi@ﬁmiﬁéatimmmhaﬁeleIMe 46 is
idengha %romoég cy eerAe'16n entFEJr%i for c%(l%nlg ule t‘%{%odl&%%'g?na%m olecule” are
proteln pro%eln complex, a proateln nuc elc aCI complex, or a nuc eic acid.

usedAnltﬁﬁdﬁm@atéyofﬁmfa@dm oltscalenad by a pweably Wiesidfasendfiinecally is
ligalB2omAleeHiehRiaPeaitallyResoraies WiheaauRIHAR QL HeaRddD for

order to accomplish a biological function. For example, in the case of a
XA IR DAGIBRIEAT FUNEHORRFRIS B EORRMFSt SR AEHV By LeiCSid cfgpplex, or a

nucl@%adﬂweA&i‘hﬁﬁ@/m@M astividmbdentfyipgtheipluralityysoftiasigdues in the
I|ne th gdlnsg sm? facu ates rational a% design, where

t
macl QA el 1Al SRE AR SSLPLES W AN RS A LEETE 12 SRish R aqsamplich o

| ors are S|gne
b1ol®rgmmmmhat fi@hﬂyamrr;t&ranttheittmsr@sfmwmtthmdnmbl@daﬂ]@md@o@rﬂmb|lxera

prOt aracteré#lgcﬂs]%sft e [f)I‘OH}.(EJ‘q gr %%%A%%%l{%?gﬂlﬁg %uéqnéb}ﬁ&gm}?c’f

n INC mlte enzymatic

reSifa@ﬁvny@s@@tﬂmé@wW th@kpnétéwtwfe@hwéa r@tmgaiﬁmi et sitbgof

inhiKeIee d@ﬂgzﬁﬁ‘@lﬁﬁ@xﬁﬁ@ WRRSMIeR IRRRSENIS & ?éé’%ﬁa@ﬂﬁfl BRGIS it tightly
computatignal molecular biology. See, Irving et al., 2001, Proteins 42,

intergeawitoresifien thah ine By iRt et atrby Yereraiice! Tk &iatl fisomagromolecule
bmcﬁlﬁgh&é]mmtﬁﬁbmmﬁﬂlﬁmdﬁ;ﬂﬂﬁﬁéﬁmhﬂpfhl@xﬂ&&ud&%d‘riﬁiIﬁi@ﬂﬂfméh@o

ite 50 of the magcramolecule avit rotoco
e A Bt B BAthe NCPRL o AR 203" Totgins
and aﬁ;clsw@hrewi!@cﬁhde¢m¢m@%@dnmapm$@ba§m¢3m@mgpgn@1mhmmm biology.

See MOHYC A5, BHGIMPIGRLRQIOSIS i) féﬂﬁ@%%%@%‘y%ﬁ@&%o?a[@cﬁﬁ} foph e

the 'séction entitled "Exemplary Methods for Identifying a Binding Site in a
h“-’“’I’v‘ilacromolecuIe below. In one embodiment, the binding site of the

ma%@m@é&@ﬂ@dﬁﬂgﬂ@tm&%@% ﬁ;}@%&f‘x@ﬁ]}hﬁrﬁ%ﬁw émsal@aﬁt(éqa@h@ﬁz the

. eomet n-ener as etho rm nain ets

bin g ot TR ST S Aol B e B A Er i s e g find e
bind)&gmtdemhbamhcbgtdcﬁbuﬂe mﬂﬂesamavlyhoﬁ thﬁy@mﬂmmaﬂyﬁ'mutqwmmgcol may
servgﬁ l’t'JE)nQVI SE@%EIQ Fon%%?eaétlglgé ﬁ%r&éfmnlg f%g}?ncf%% féntcpgg sites

emical omputlng roup program Alpha ‘spheres(
are gisteh msibwﬂ@févfmlﬁﬂl,ﬁﬂig‘@éi?mm&ﬂ@ﬁ@QthhTMﬂﬂuﬁl'lﬁﬁwﬁiilm{‘llg Senin a

Ma@¥Bmolecule,” below.

In one embodiment, the binding site of the macromolecule is identified using alpha
spheres, which is one form of geometric (non-energy based) method for finding binding
pockets. Location of binding sites in protein structures using alpha spheres has been described
by Labute and Santavy of the Chemical Computing Group (Montreal, Quebec Canada H3A
2R7) and is implemented in the Chemical Computing Group program Site Finder. Alpha
spheres (See also Edelsbrunner ef al., 1995, Proc. of the 28th Annual Hawaii Intl. Conf. on

Systems Science 256-264, which is hereby incorporated by reference herein) are spheres of
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Systems Science 256-264, which is hereby incorporated by reference
herein) are spheres of 14 varying radii that must touch four atoms of the
receptor on its boundary and do not contain any internal atoms. Note that
vary g peéir theh atusbiaaitSoforterombiies uevepier thete isundzotad sishreconiain
any CORIAFRJNAE same four atoms. A special case of an alpha sphere is an
empty half-space (a half of space separated by a plane from the other

haifetp S Srihss threecaterosiripasiagic e RIS dSI e &t

cont&lﬁs&ﬂe’c&hﬁh@l B fspﬂ@t@rﬁf infbgﬁgﬂ?@gbs@w&h dhrﬁk’z}iﬁ?lﬁmdhﬁam&hy@ﬁ[ﬁ@ﬁ&%é% half
oint. Alp eres are identifie ing the following process. First, t
of SRy ST FEEA G & R HORARS BT RIS 1S MRS R PRIl gpece
is cotesidsrad\ierainas the cormphs tidrrobSpicde ndhrewidimdnsipasiith&point at
Com%_\é}l%i h fo%{ Voronoi regions intersect is referred to as a Voronoi vertex.
esd Voronoi vertices form the centers of alpha spheres. Thus, the

probleia whfirdia dpriEispheisteairBevtian storrsed Hins. the Yeowienrsfon of

cachIGNGLRL VOreRql decompasitan of shacs 81¥e el Qéﬁ%imﬁtof

constitute the macromolecule. The Molecular Operating Environment
SPacav @El}rﬁ%é%‘fﬁé’flﬁ]g’tﬁ Bohat ‘é[hlf\%%ﬁé‘&‘i’é‘ﬁlé?%ﬁg’éénﬁfﬁ?% ’§r§Ff@F$§ toas
a VififoVaanei Yeeieasitnseconidssnsteadeafentinstdspis psatain. Iisghe
MOE roach as implemented in Site Finder,.a "perpendjcular” distance .
PO G Gk A BT RCATHS EAOL s GERRTE P RLk g e
decatpnsitisitié gistargectotheednté mertichabt thetitsphibremapressnting thbe

MolZHaM W?&%ﬁfé‘@ﬁg}&ﬁ%ﬁmﬁwﬁ%ﬁ% %@@afa%i%@r&%ﬁgéagwgﬂhese

centers) - ra ius2 .T leal computationally tracta Voronoi
alpheeyibrissinth ieserdbamisasitssarenits meteatoplifaantyy Bffeuakgnnkn the MOE

appRASiane.pfihe-tesultng @pha spheresnkiauie JisAaVSIEmMeRaDRked, which
decomposition of a set of zero-radii atoms in two . dimensions, The atoms

€ .
defiggy B hakeS falm%fé? ETRERSED T HeAB GUTAAT &% G BCG B} ol Fa g of the
sphataghewniag tiesohheiarangtmatizes are the vertices of these lines.
Voronoi vertices in two-dimensions are intersections of just three, not
four, Voronoi regions. The large thin circle shows one of the alpha
spheres. Risfmedipyitta. sihisesphdisensre(fiffoteccbristd ondise. Smaller
spheres representing inaccessible tight binding regions, as well as very
large spheres representing solvent exposed regions are eliminated, while

Thigdsadsitfortreptitdnpibidieciaplefa RehtseipResi HaGRMS tREn vhle not
sigmReARiedimcanignpdotitithe MOE Sitedhingienhaniigrasm, the alpha spheres

areﬁ%gn_er?%d as tgg res inside tetrahedra. The _entgr 0 .1ti;e tetirahedron

is tHEEEERTEY 81 the alp RSP AETR RAT Y dr &Xh A FoTR The CEmtsr B Hife
dimensions, The atoms are shown as full larger circles. The boundaries of the Voronoi
regions are shown as lines. The Voronoi vertices are the vertices of these lines. Voronoi
vertices in two-dimensions are intersections of just three, not four, Voronoi regions. The large
thin circle shows one of the alpha spheres. Preferably, the alpha spheres are filtered based on
size. Smaller spheres representing inaccessible tight binding regions, as well as very large
spheres representing solvent exposed regions are eliminated, while retaining the intermediate
spheres that represent regions that can be occupied by a ligand. In the MOE Site Finder
program, the alpha spheres are generated as spheres inside tetrahedra. The center of the
tetrahedron is the center of the alpha sphere, and lines drawn from the center of the

tetrahedron are the “axes™ of the alpha sphere. Alpha spheres are kept that satisfy each of the
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tetrahedron are the "axes" of the alpha sphere. Alpha spheres are kept

that satisfy each of the 15 following criteria: (i) the sphere radius is less

than 5 A, no tetrahedron axes exceeds 40 A, and only one tetrahedron
followigssceiierias dd) 6hA sphese meieriblesirients Jamatitivanare ftesiorchsds 40 A,

and JAPOSELIRITERH Ik aNse dhatialphapackeis Wihin dee RRAGKEIA&ion is
preserved. Accordingly, a buffer that increases the alpha sphere radii by

impogiiln AESH SRS HE il Bl POAIPR Y Epiieted pRekesaiesred Accordingly,
a buffengsit dior estesidniphdeplierpreseBiedhetight s packets With elsho veitbtes
- .. increasingt ocket size in.the region of large alpha spheres. Each

with B R BRSSP R 1 SRR A 2 s e
incretivatgishppsitioraet su che tieatdt odeforrmiFbhydkegen bond with an atom of

th ' i philic. n :

S S AR L Y MGl opB ) AMBIPIRLS: s

positipgae seelghah khyendoen atiaknedd Jrad witctbregahdamssranelscds is

classHIOAMOHARIREE T2 W RO ShARNALACCERIAL A Dwi IO HNG o QXY 96T
. nltro%en is classified as hydrophilic. An algﬁa sgjhere that is positioned
distantf Al BY SCSERROPAMY (Rgdib BEH BERE TRthed b AlesFiReeative atom such

as oxy@eromoiegule s alassitigsh dshiychaphalicefisome, exybedimeintsgehds
obe radiji are set at 1,3. Angstroms for hydrophilic alpha.spheres.and 1.7

s R A B R S PP SR s

hydrgptrebesdavrete iminened! fFomeramplesdiphalsphified ssiydsephaidd. duerap

embﬁﬁg{%ﬁg] ﬂ{e%'ﬁﬁéimmpedseg Hrﬁh?ﬁﬂggﬁof.ﬂs%%m@%@ﬁﬂéﬁgges and 1.7

ydrophilic spheres not near a hydrophobic sphere are elimin

AngHpag L Bydiorbeld bl shicesrespond to water sites. The
mq%mg@%&d@&?&%&g@ Fﬁilgiéb% wfﬁﬂﬁﬁ_@a.bp;oeléﬁgmg aﬁﬂﬁﬁ%@{j}f@rﬁﬁose
..using, for example, a single-lin clustering algorithm, Each candidate
rdiGRAG S0 CRREE PR of FOF S AN HB G WP
sphel'f;ﬁdm)ptuabk:hj’kixspméielspﬁleﬁiQnlhnﬂ:ﬂed:amzlimmubir‘ﬂiiﬁggsﬁem&reorrespond
tow %@%ﬁgsbyfﬂg QHQ&B&%M%%%@%%%?ﬁ?g&%ﬂﬁg&%?eé 3%%:5% Iti?lr amﬁa spheres

_ highest one having the maximum® ic contacts. In som
usingriflscaRneitse Mutlipiinkean dlusiesipradaog thite s Eadh dindidptedbindénendigeonsists
of thoMlahle-fap selechian, Candidarsinding - siesh canAletbeRINgf OYsahe

user based on an understanding of the macromolecule binding pocket.

candigigte, birdipg sitgs g ranked Binemier LS ingrorhatds reriasts diade dpdhg receptor,

the lglesieddonvanalysisalthaughythepiacteoiglrallenmaydaneoganeral multiple
didate binding sites..Step 204. Generate,binding site volume.map. In

o R ST AG S T AR Bcenr O STl i

sitesgetethminad oinedde esabipditents) tuddirmtidigsittthotumsmegeBétisiding

pocﬁet%mm@lpymgi@g site yalume map determipatonmodue R4.10.80me

embodiments, volume map determination module 54 comprises a custom
analgys skhpegh thpsmacromolecule may have several candidate binding sites.

Step 204. Generate binding site volume map. In step 204, a binding site volume map
56 of the macromolecule 46 is determined. In some embodiments, the binding site volume
map 56 is determined by binding site volume map determination module 54. In some
embodiments, volume map determination medule 54 comprises a custom Svi script for use

with the Molecular Operating Environment (MOE) to calculate the binding site volume map
56.

16



with the Molecular Operating Environment (MOE) to calculate the binding
site volume map 56. 16 In some embodiments, the binding site volume
map 56 is determined by fitting a three-dimensional box on the binding
siterb@ideetiedityrintiatisiie ddantitibatio mapddiled48mkiaed st findey a

mézanﬁéqgm?b%@é&%esﬁa}lpghﬁe8%@Sﬁweec{% used.to identify abinding e
site 50 of a macromolecule: three- |menS|gnaP O% IS ?I%te& over 9ne
48. Hptestpheresskisethaiase rndion opthenhees dierorsid taldsosifishvodidedite 50

of a M iRG-RIRPASPRAES. QN SRIBKIRH SMMIMM:RIBUS 1l APRIGINSRMme

. embodiments, the minimum x-dimension of the three- dimensional box is
dmenstinef B APFRRTHAARSAAS Bh trReyndRhbn 6 4 ahar bt piede by heymmy
atonporHoencei:aple dhthenz phasphenes thateonsituieiReipg ndisi@rdhe
g maximuym x—dén}enﬁi n of the threeIdimeﬂlsioné?l box.is defined by a

IR VAl R the S HHBRGISA Y SPE G RUR AT B Ay PEHIBIEO LERYY
portphthEaajphiisphighesphates dms titutaithie hintindisiteirdhthe minitmum x-dimension
of the HIRERRIRA QL Ihey ?@d@@@d‘ég_’a@' D18 daliogd by 2 minimum z\ﬁt‘ iy

on the y- dimension that is occupie %y any portion of any of the alpha
occupbp¥ SE eEbeR AR tRESiRanF R cieehraitiuta Yahindinsisitcofthe
mintffee dimehsionamexdsdefindha thaximumaualye anthay Jimensian ,-

. that is occupied hy any portion of any of the alpha spheres that constitute

p (
dimegsion ARAhiS SRETRITE RYIATR: GRTUCHAhBRS RIS rIRBA AP B R RIBH AN B % is
bindiefinad ty axineaumdmiision dhé tliseensionihal issecedpieddiyyany
ortion of any..of the alpha spheres that ¢onstitute the binding site, and
R o BB R S S RS
spherratintuionvalue te thedingierbionittimbis odoupistby! dmyipertibmefsamyl
box ¥ Héﬁ&'@@? Shgieshaheopstitvte dhe.hind @Qa?!&eoc'édﬁigé)t% %B?Tg‘o%?otﬁgf any

that the three-dimensional grid box is not required. It merely provides a
of thetbatsritiea N sPRBITEN I Rirbaereice AR HifASIY Y DOMENHAhAA the
thre@@@xhhe@gsieb}%ﬂli@h&s%@%@f r@xﬁﬂaﬁ%iﬂfa@e%ﬂ” h'fmé%-maﬁﬁgbﬁ%ﬁeﬁ ochcupied by
methods.for ensyring uniform spacing af all the grid points thrq the |
a0y SRy Y S S T U AL e B N G i) B g
thatlthstme-dimbodimantsdthexgsidopaigts¢ialtaresseprtoifiitheatphationally
spheres ate op a_LOA spacing., Uniform spacings smaller than or larger .
o e Rl FOL s B B B ea n
a Wi fevmly. spiee snatiodngpacings imdaich ohtiecthfed (Gagtakigmts through

the SiRARSIONAHIN IPRLhSHEXRMIRIG NG S0E RRINR LoD De upiformly spaces
at 1.5A in each of the three Cartesian dimensions. Othergossmle uniform

spadingiafiotierbute sedruntichehaed e i pBriteht thhses are ona
1.0Alispensiorsrifiotudedottgarenantinuitest tarfot Mol 2AA Bo3AL DickAatBidifbe used.

For%&%?n\’p é,7 fﬁ‘é (g)risdb\ 150%1 SA dojiﬂgﬁ\é 1!11!1%10111‘1’1%}6 sip:!i'c%'sb"atl()%%l gp%gi%g?iafi f?e{cﬁg}(the three
Cartesian dimensions. In another example, the grid points could be uniformly spaces at 1.5A
in each of the three Cartesian dimensions. Other possible uniform spacing values that could
be used to space the grid points in three dimensions include, but are not limited to 0.1A, 024,
0.3A,0.44, 0.5A, 0.64, 0.74, 0.84, 0.94, 1.0A, 1.1A, 1.2A, 1.3, 1.4A, and 1.5A, or any
value between 0.01A, and 3.0A.

Once the three-dimensional box has been fitted over the grid points, all grid points that
fall inside the alpha spheres and that are also within a predetermined distance of any atom of

the macromolecule 46 are retained. In some embodiments this predetermined distance is
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value between 0.01A, and 3.0A. Once the three-dimensional box has
been fitted over the grid points, all grid points that fall inside the alpha
spheres and that are also within a predetermined distance of any atom of

betvigrd hadrbersmeifeus bfesaramed [irappradbriboanidhissnisdetermined

distam@cig&m@g@dﬁﬁwﬁgﬁézn%thgﬁésgo%@g%H@csﬁﬁ Eﬂ@&%ﬁ%&mm&
In some embodiments, this predetermined distance s between 1.35 |
PredR RS THEL B Yng B S TG B RIETRfeT i i 184
preédeterinipsdtcibtanatfg dodhtnesoingiefohadimbintinthiie volume map 50 of
etermined.distance is 1.8A. The grid points that satisfy, both these ., .
e o he LRCHES S oA A0 B AL eI e
site spitHecanibodinenessiedangrits pbime o usadetolgedaratach birtbingtasital

grid M@sq@%ye.aaﬁeﬁs%ﬂmm‘éy@gm&mw&ﬂ(@ﬁp&mﬁ%? ?(lafrface

the retained grid i[;oints and a three-dimensional surface (e.g., a Connolly

or slyprd AecesiRin YBRHHAIS S AvE G BideptnEcESs I RIMiEEYfsughataces

see,@M&f}ﬁiﬁp@’" iicgtsmgtg& ff@lgzc,qm@ga. 1.6%53%%%13;5h@gﬁ%@ﬂﬁcﬁeﬁhé%%ﬁéﬁﬁ&gted
onnolly, . Appl. Cryst. 16: -558, which is herehy incorporate
by T e S RS R L B AR G SR R
compotedradibplsy cbrn p MEtEdnch difplaybckas ad@iditsasurfaceudfacamee

. [ , I indi ite volum iS com
bincEUAE0 VOIS 06 IR0 20 0 DS B YT FLEES PRt

Molgydpe framiss avsiseieRehiend Simabedld; Calilohtin)@hissaiarCausboesurface.
BotiB@he Giidnanis aal fihine BRAng ROSkEHRBd SR IRRAIAMENSIONR over

surface drawn over such grid points may be referred to herein,
such 2 RS &1y ° A8 RHE DN ARGV IIFRRPAHERABE 48 (RS ARG oY 56
Furtisiesotdinensihaahrepaiseniation opthehindingraiie Hids deeniodstocbaed o be

.binding site volume 56. In one.specific. embodiment, the bindin
o L e U LA Yool Ml SR o

voltme map mprise points
compuishsasi Py tiBekahe 10070 BetaranSoientfi IVMOLFERIL Altg 2007,

Del GRVIQIMIAMRS 3 62b AL RAIBITARBHEF AL %ﬂ'%ta}?o%m}ﬂtafx@éﬁl&p%id as output

Molecular Operating Environment. In this specific embodiment, the points
from therEteorn/epeatee £ osiamaamt Jotdrtimend cunledinestnagion are then
con¥stad ﬁhﬁ xglﬁﬁifaﬂcqﬁm@'ﬁ/am@@c}a%ﬁ%i@mgﬁ&&ﬁﬂg\d{é%ﬁtﬁﬁl\d&a&w map

version 1.0 ("map_new’ command). The process qccurs in threg steps:
Pfe#w&%ara%ﬁ%afaﬁﬁ% RO 530 o AL WP e e
occandnalraifspsisHisopisctemperaiue fagipsd Secbndiogen atom with unit occupancy

and A3 ellil%(?fr? !?&Eh%@a@%ﬁs g%i%?é[ ?Q%%i‘néaee%%,tgegg 3%85'3&‘?‘5%%'558 rHst{%/e otential map
hy rogen atom positions according to the 'atomic scattering rac I’g

is torumaaedoyooy Sin by drdemaion) YCriomesraperditarin HOS8MIX seajtering factors

forrgeRIRNNOIRRRISHeoMmBMRd fom-Rumeraa! Hasieskackwaus,s factors
functions," Acta CF?/SL A28, 321-324, which is_hereby incorporated b

compfs e RERRTHGA LR BFRTrERAaEY ERARP by (s, Tok§p 321-324, which is
hereby incorporated by reference herein in its entirety) and tabulated by (Wilson, 1992,
International Tables for Crystallography, Volume C: Mathematical, Physical, and Chemical
Tables, Kluwer Academic Publishers, London), using numerical methods adapted from X-
PLOR (Brunger, 1993, X-PLOR Version 3.1: A System for X-ray Crystallography and NMR,
Yale University Press, New Haven, Connecticut, U.S.A., which is hereby incorporated by
reference herein). Third, the isosurface contours are drawn at constant potential levels in the

computed map.
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International Tables for Crystallography, Volume C: Mathematical,
Physical, and Chemical Tables, Kluwer Academic Publishers, London),
using numerical methods adapted from X- PLOR (Brunger, 1993, X-PLOR

Veldoae vt AeEtd mrTar ketes e bor AlHIF ACRAv R eaRRy e is one way
of rebhsiver sitytRigssadNens Haveno@avhe eiglial bSréadivhithiis L8 Ynanipulated

it R SRR B Dk el AR RS SRR e
tempabrve-fdetotii eddgi?e m@wmd‘eﬁéﬁyedfam;bmwﬂ descrilved abpbyecs
signmsnwg%u%fgﬁ@?gig gﬁa%ét&f? Q&k@&sfeigﬁﬁrgggeg%@d?ﬁég% m& ,Ceﬁpoﬁ% trial-

readily displayed ahd manipulated wit molecular modeling suchas
and-pyaon Wkl eigeRingtktkaoheenseatierpl g fdctéreottndatamiseratutd fegoirem grid

comARddRgiisorriRsaReBNirbieVE IS BRRIRYad HR:-AQHRNKe:3 BRYSIEA)olume

significance, but are merely parameters tuned for purposes of display.

eOVEIHES B SRR AT Hh U R & WA S datd AR B RAIES c ST TevRE bier can
adjudt. it pRignial comsuo el RvgsinorxgHel 6otaptiedid hoRieMpahatitigain
limi g‘salctcs)g I%f %% &rqgls{g%ns-squared produces a smooth volume envelope
TNIth°a s%ape C oseITy ‘matching that of the input grid points. However, the

usérgriladuseiiddispiayednombumieve dsimeded!toexpangeorating an
interdORNRRLNEUBIU TS WD SRR e IS N 500G SRR RIERE Wows

In step 206, the binding volume mayp is further enhanced by generating an
casyjHisralt oA GO FolF thedsitmy Bt henmhariEsi letirs troppthat can be
mad%ﬁb@(:’lfﬁ:@éi@a !?g@@dd f&cﬁi&%?cﬁﬁ@%ﬁé&ﬂﬁ'@%ﬁﬂ@f&ﬁfh@uﬁﬂ&gﬁ éﬁ@%ﬁi@rﬂ@tﬂyln ma};()j is

inding, site and potential interactions that can be .made between a ligan
C‘msé’ﬁ&‘ﬁﬁ‘%b%ﬁ%ﬁﬁﬁ%‘?{le‘?ﬁ? fg%%&f%‘r%‘bmg"‘rﬁ t eiﬁ@?ﬁﬁ%ﬁ%&éﬁés created by
chargorsitringtedtloy d nfahadtiodimaplocorsiaicti6byriogtde by e iintesdgiiod is

ap 60 is created by characterizing regions of,the bindin lume-map
e o B R
congidtried/e ‘comrsiementahinpwitngritnmtechdtocing, ohiseapapavhere the
pro&%‘éé%@ red AnAFRISREIR 1R tReRINdiRA Rieronto 116, RINdIRY MRIME,MAR

where the properties of the binding site, in their complementary form, are
volymgiEmaRd onto the binding volume map. The binding site volume map 56
compesesimguitace thathas 56 plurplifyeoh eaianrshal haksa thetepy 206 gions.
each respective region in the plurality of regjons of the surface of the
T D SR MR LS R O Bt et e
bindingyite mémaryaf & dirarfeddristic gia cohespendinglporsiomgfléhentary of a
charad %ﬁ@&&!?&%@ré%%&ﬁ@%g%@ﬁ&%%é%@&ﬂx%@ec%@ﬂhk@e%?'E‘r@aung an interaction
embodiments, such assighments are performed by taking‘each respective
maRyrid PEIRCHRWNESDITaTELIHEBISHIR G ¢ ORIFREIPMPY dAi g sighisgpective grid

ponfthitutes iRdberesnesdivg 06idme map and assigning attributes to the respective grid
point based on (i) the characterization of the alpha sphere nearest the grid point (e g , where
the alpha spheres have been assigned a classification of hydrophobic or hydrophilic as
described above), (i) complementarity to a property (e.g., acidic, basic, hydrophobic,
hydrophilic, or exposed) of a residue in the binding site that is nearest to the respective grid
point, or (iii) a property of the surface (e g., electrostatic potential, hydrophobicity, acidity,
etc.) that is closest to the respective grid point. In one example, if the corresponding portion
of the macromolecule is basic, the corresponding region of the surface of the binding site

volume map is classified as acidic because such a property is complementary to the basic
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point based on (i) the characterization of the alpha sphere nearest the grid

point (e.g., where the alpha spheres have been assigned a classification

of hydrophobic or hydrophilic as described above), (ii) complementarity to
PropgT Bh Ity 18 R PRASIE Ohir BERENIS leRydroprmetist esaseredy dia
corre’g_ﬁid@ﬁagrpﬂﬂ@olﬂifﬂiiﬂgﬁ&?dﬂatd&z@?fﬁﬁﬂm ﬂ?@&ﬁﬁﬁﬁsﬁﬁgg&%id}ﬁgﬁhé’ Kurface

iif). a property of the surface (e.g., electrostatic potential, hydrophobicity,
Ofth%ézljcﬁ]if@ggf&)%?%ﬂ%%F@slégﬁéﬁ%%dta@s l&ﬁ)ﬁe" g PEihE FPBHE dkample, if
comthencotaes poricinggortioperof th henacrespaiding edstbasitfiihemacromolecule. In

: ing. region. of the surface of the.hinding site, volJume map.is, .

S B S B AR B, e
COrrgsRERIIE prewersy @ﬁm@f@w&b@h@j@ggﬁm ontehtheanacrassdiedatenidrophilic
becaAROWIEK £XAPRIE, if IBRpEIRERERORGING m%&ﬁé%ﬁowsmﬁéﬁw@sﬁ)mg

acidic, the corresponding region of the surface_of the binding site volume

Poﬁmﬁf@a@@gmg@%&% g k%c%ée§&6ﬁ“5’]§rdﬁ@ﬁ§?§eéﬁ?ﬁ61%%ﬁ@ﬁ&@whe

mactbedeidie prapényloiinacoirespondingaosiar okthemacumalaaie. i

; still anothe{agx%g&pa{ghifdt%ehc(é%rr%sépondiré%&ortion of the macromolecule js

ve uﬁi}ed?g hobic, the corr%srpgn g region t R A fﬁ@ﬁ?jys‘i?et ©

hydrephihvepnoggris @fabsﬁted@@ﬁcydgqmnﬂml dn”ethalmmnmdﬁmpeopgrty is .
compleme A e N gRNeNIARRRREYOtINE Al SAANANG. BRTUAed
fth I the cor ng

_of the macromolecule. In still another example; | respondi
basigyo i ok geEsEbohtatulshRR R ERIBISINE Stisk sonaisoiting thegitoness
resid@ 15w fageRfitha hingieesitsh MAPJ MRpaR peialassified ashydionbabigc in

becguse such a property is complementary to the hydrophilic property of
ordg g BF CUBBIRARG B APSR BFth &M o SRERE R BALBE et BRI RTH LS
aspahie ariinadgtshistiditesrtysineidand atgirindlare eonsideigbbdasi@s, when a
. in. some embodémegts when a.residue offuch an amino acid is the
resigye o1 such an dam1?0 acid 15 the dlosest residue to.a gil om{ n injeraciion o that
closest residue to a'grid point in an’inieraction map, that grid point will be
gridgsdig et to bwsigoiditoihe brdisritoobizicorhplemehtanptoithe hasiddiesitite.
TablP SOMKERRFIPSIER NG @yarﬁgéa@%é&%ﬁg%ﬁﬂ@a@%@qﬂ%&ﬁ%d

are considered acidic. Thus, in some embodiments, when a residue o
embodiReRs ARG IRPIS AR BRoBES Rl dUind e JANHSIAMI B ASHEBPE GRIAPCtY
that iRPnibRneHia-Peining b be-assignadJodsembasicds AIE@ELOMRE amino acid in the

com Ienlentary to the acidic residue. Table 1 below lists properties of the
1aG ﬁfiflcﬁla%rally occurring amino acids. In some embodiments, each grid

point on the surface: of a binding volume map is assigned a property that

's complesnaiiiafy 19, QNe AL (AL APSIAR SLUE neatestresigue of an

amino acid in the matromo e 1 - Properties ofl'?wenty naturally
occurring amino aci%nﬁmmgdbx&i&ﬁehett@ﬂtﬁe‘ttﬂo%régﬂggties
code code

aliphatic

Alanine Ala A hydrophobic
neuiral
Polar
hydrophilic
charged (+)
basic
Polar
Asparagine  Asn N hydrophilic
neutral

D Polar
hydrophilic

Arginine Arg R

Aspartate Asp
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code code aliphatic Alanine Ala A hydrophobic neutral Polar Arginine
Arg R hydrophilic charged (+) basic Polar Asparagine Asti N hydrophilic
neutral Aspartate-Asp-B-Pelarhydrophilic—20-Amine-Acid 3-letter 1 -letter
Properties code leﬁharage&"g t&’&ib’l[’?ﬂfs&@%@yﬁﬁ@me Cys C
hydrophilic neutr fe-Gi ilicneutral Polar
Glutamate Glu E hydrophilic charged (-) acidi@®&iphatic Glycine Gly G
hydrophilic neutral Aromatic polar Histidine HiE ¥ fydrophilic charged
(+) Polar

Cysteine Cys C  hydrophilic
neattral
Polar
Glutamine  Gin Q  hydrophilic
: neutral
Polar
hydrophilic
charged (-)
acidic
Aliphatic
Glycine Gly G hydrophilic
neutral
Aromatic
polar
Histidine His H  hydrophilic
charged (+)
basic
Aliphatic
Isoleucine lie I hydrophobic
neutral
Aliphatic
Leucine Leu L  hydrophobic
neutral
Polar
hydrophilic
charged (+)
Basic
hydrophobic
neutral
aromatic
Phenylalanine Phe F  hydrophobic
neutral
hydrophobic
neutral
Polar
Serine Ser S hydrophilic
neutral
Polar
Threonine  Thr T  hydrophilic
neutral
aromatic
Tryptophan  Trp W hydrophobic
neutral
Tyrosine Tyr Y aromatic

Glutamate Glu E

Lysine Lys K

Methionine  Met M

Proline Pro P
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basic Aliphatic Isoleucine lle | hydrophobic neutral Aliphatic Leucine
Leu L hydrophobic neutral Polar Lysine Lys K hydrophilic charged (+)
Basic Methionine_Met M_hydrophobic neutral_aromatic Phenylalanine
Phe F hydrophobic qﬁ:]%q,lcﬁréﬁqé@blﬁﬂﬂycgg ic, neutral Polar
Serine Ser S hydrophilic_neutrate®olacTHreonine Thy T hydrophilic
neutral aromatic Tryptophan Trp W hydrophobigolaeutral Tyrosine Tyr Y
aromatic 21 Amino Acid 3-lettert-letter Propeié®rsdife code polar
hydrophilic aliphatic
Valine Val V  hydrophobic
neutral

Moreover, there is no requirement in the present invention that the characterization of
each respective region of the surface of the binding site volume map be classified on a strictly
categorical basis (e.g., hydrophilic vs. hydrophobie, basic vs. acid). In some embodiments,
each respective region (e.g., each grid point) of the surface of the binding site volume map is
characterized by degree (e.g. degree of acidity, degree of hydrophobicity, efc.). For example,
a given region on the surface may be assigned as acidic because the region of the
macromolecule nearest the given region is basic. Moreover, the given region is assigned a
degree of acidity (pH) based upon the degree of basicity of the region of the macromolecule
nearest the given region is basic. Moreover, the such degrees (e.g., degree of acidity) can be
color coded and the color of each region displayed on the interaction map.

In some embodiments, the portion of the macromolecule that corresponds to a
respective region of the surface of the binding site volume map (and is thus determinative of
the characteristic assigned to the respective region) is one or more atoms in a residue of the
macromolecule that is closest to the given region. In some embodiments, the portion of the
macromolecule that corresponds to a respective region of the surface of the binding site
volume map is an atom in a residue of the macromolecule that is closest to the given region,

Some examples of characteristics that can be assigned to regions of the surface of the
binding site volume map to produce an interaction map have been provided. Advantageously,
each respective region of the interaction map is characterized based upon a property that is
complementary to the property of the portion of the macromolecule that is closest to the
respective region. In this way, the interaction map provides a unique view, from an idealized
ligand’s perspective, of the macromolecular binding pocket.

In some embodiments, the portion of the macromolecule that corresponds to a
respective region of the surface of the binding site volume map (and is thus determinative of
the characteristic assigned to the respective region) is one or more atoms in a residue of the
macromolecule that is closest to the given region. In some embodiments, the portion of the
macromolecule that corresponds to a respective region of the surface of the binding site

volume map is an atom in a residue of the macromolecule that is closest to the given region.
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aliphatic Valine Val V hydrophobic neutral Moreover, there is no
requirement in the present invention that the characterization of each
respective region of the surface of the binding site volume map be
claBsifiad Brbadimly. crrngevitarasiuioldhy bingimopralicolanaivoBhobic,
chardR@8i{8eMSHa6ithn Hﬁf@ﬂi@i@éﬁ&ﬁ@m eRiScgachy @@&%&ER@J@@@? g @, each
rid point) of the surface_of the binding site volume map is characterized
Gompgm&%é%éb@ .%%i&f@é%ﬁ%%mﬁsa%ﬁg@g By BIHE BRI Ueo Examples
of suexahiplecheng b misigiamg Rt beustfgog spasidamasigniad as asidigited to,
because the.region of the. macromolecule nearest the.given reqgion. is
clectiofElic pricTE P paP S St Rd st e AL G s,
corrdotesen lupuntbes dediiee Metasicity ofthyatrtgivni ebtheaithero molactte are

descfdi‘ﬁé?f EeLINCAVBIrRAIRY 15 DASIG MRESAYSL HRE SIFR BCGBBERE Bhich is

egreé of acidity) can be coior coded and the color of éach region

hereldprayidadif e At BELiBAT b8, [Ihesdify embodiments, the portion of the

magromelaculRitnahicosrespaIEs i esRRAtIMaIFegiRNRlihR RafacR@bned
the hinding site volume map (and is thus ,determf'nat've of the

I P A e R L QLR S B B AR R ERERA 1 IR R W B THeFR 3l SraBeries
that fesidus lefidreamnactomalesidiedpatisrdasashiotie gveline giotiodvshme
emblodime@ls theyp rtion of the macromalecule that ,orrelsg]onds to a
macromo ec*ﬂe. Or exar PT areslli;ec ve eﬁso%%k% e mdm%m]evou e MAap ¢an he
respective region of thie surface of tfie binding site volume map'is'an
assigahanin eredidtierodiadydagiomsiscututhheisaiesesss ol givebiaisyidithe

respRANE AR REcharRgIsH st ,%rb&aigi@%ﬂ%% 10 B0 HNEa

surface of the binding site volume map to produce an interaction map

solveni\ieasEhi FrovARS At dGRTSEa B b BRI s rs R @ SgibRF b aFrgion of the

bindilesReionMaRds, chatasterizethasa e 4POchana 0 PEM tRakds can togele

complementary to the property of the portion of the macromolecule that is
bervigerL e VS aEhELEIE I TS T e IB RAR S RAkh 8 2 Hlos
undestiniditte view)éroemiaritdeatizen tiganots s spgotive, ol thgand that

approd %‘EQ%}%&@E{%&@g%g&%‘&?&#%%?a&%@?ﬂ %ﬂ?zﬁ@ﬁiﬁ&ﬁé%%%?the

macromolecule that corrésponds to a respective region of the sufface o
mactheditsdlifg site volume map (and is thus determinative of the

charagtadstio,assignedindharespaciveiragian) EoReQr ess alems iR step
residue of the macromolecule that is closest to the given region. In so

) ; e
204 BB HirieA, SRESPURICH Griiee HiscrorBlecike thet EORWSERAS R & e
bindiggpactiviuregingpahihe shisfacerdkthie biteling Bite tholnmadiapisal a grid
cnfI3HD 2 gesidus, of e magtomalecile thatls closestio he given rogion
YAl some embodiments, a respective reéion of’ Hg%ln%?hg Site volume
emborhimésts, a three-dimensional surface is overlayed on the binding site volume map and
each respective region of the three-dimensional surface is colored based on the underlying
property of the grid point closest to the respective region. This three-dimensional surface can
be, for example, the surface described in step 204 above
Step 208. In step 208, the interaction map is outputted, for example, to a user interface
device, a monitor, a computer-readable storage medium, a computer-readable memory, or a
local or remote computer system. Alternatively or additional, binding site volume map is
displayed.
Comparison of macromolecular binding sites. Turning to Figure 4, an exemplary

process for comparing a first binding site of a first macromolecule to a second binding site of
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characterized based on any physiochemical, molecular, or structural
property that is complementary to the property of the corresponding

portion of the macromolecule. Examples of such physiochemical,
a sechisl seifnneleawadtukistiprep ke sareRidatredicins Hochnattal af the present

inve&h%ﬁgrﬁét@l@%@ﬁ@@B’@dﬂb&ﬂf@pdﬂweﬁmgaggﬂ%ﬁ@ﬁép&{&%ﬁs&%ﬁﬁé*%Hiéysem
curvature corrected solvent accessi iIit}(. Methods for computation of
MACTORA A th 5GP RiEaHrS: BELtidlimitly BramphsT plohfgremalecules that
can 20O3nMethadadamaial-3 i A82-8i08 owehiaitiaidweseby incorporated by
reference herein in.its entirety. In some embodiments, a respective.region
it Hlab D s s SR e ey
bindhrgsett ohthmsephybinohermbaymale eldatifiod stiugtunabftbpediesqibadisrmsed

abox%quéﬁf&?&f&%ﬁ%%ﬁéﬁ%omi’@xx%@@ﬁ&?&sd?gs@&s%?&’ﬁ@@B&Gﬁé’i‘ﬁiﬁ

QLA
of the macromolecule. For example, a respective region of the binding

entitlgfe" PSRRI M Biad et ki fdrgany iadintbitiiion Mawpersprsbidity
addiVaH4eHaaiFapIeeeniara HYreRheRCINNRS Bhelike SRECHV Q.ER AR Rblecules are
idenghec rostatic potential value, an acidity (e.g., on the pH scale), and a

fit Atcessibility value that represent a solvent accessibility of the
redmpesttivetfeigiod 4f6tefihirtdiddngitéty oliime: map bihet elpy:crieafing tdmding site
interaction map...'hen, a user can toggle,, between, the. various types of
and B R R T B DR e
usingemphéthe trelriabestiied nstidenlrater detoruneipolarhentspl i thawre 2. 1f
adcABRIPHIRAISS 19 Mal6eS (be REpRaHies. s NRIATiER MRk 3d the

binding pocket of the macromolecule. In some embodiments, where the
MACHHEP iethedifedesingl-in conjunction with step 204 above is used

to %ﬁ_@ﬁdﬁm&fuledmﬁdmﬁiﬁg%iv&hﬂﬁ%mﬁp_ %B%éﬁéﬁgﬁ@ﬁ\/?ﬂ%ﬂﬁﬂ evitemetric
Inding s valume ma at IS characteri In or 1o torm the
comy SR SR Oh e e B S Qe s A R b In
sombimﬂbug{i%&pkmnmefmpeﬂ@ rtherhinesom ereqmijodmtéms;emposite binding site
v A e e Leiea o) e U s AT I
volusesadiol the limesryivgipreperty (clagheo§ e puidine sdesphenpaaps of the

mact8ERAGHMES 8 HORe A PistreeimensionpalsHiack fafe Rapirexasmple,
the surface described in step, 204 abgve Step 208. In step 208, the

mackorapdRdtlf AR T OTREL, R dkanti €118 8GRt HHeroLT ey difference,

unidiQnitdraaeenRydiessr etitiabieditor agekme diimiise ciimprliend eagaliet are
memory, or a local or rem omputer system.. Alternati

o, IR S O b LR P eI Led p orein
compraciohinlaguidre biapin§witekiningintg wolFigereans are alsenmpinyansrablss
refe%%cg%rg%%g{% afirst hinAingsite QLAdIFSLPAAMPIRGHISIA A.RER0R site
volume maps where used to generate such binding site volume maps.

In some embodiments, the union volume can be used to determine all grid points that
fall in the volume maps of either of the macromolecules selected. In some embodiments, the
union operator gives a potential map where each point contains the maximum potential value
found at that same position in any of the input binding site volume maps. Thus, for any fixed
contour level, this map will produce an isosurface volume consisting of the union of the
volumes contoured over the input binding site volume maps. The union operator can join

multiple maps together in this manner.
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23 a second macromolecule is disclosed. For ease of introducing the
concepts of the present invention, the method is described for the
comparison of a first macromolecule to a second macromolecule.

HOWEBF, SR pRaEweas thsrs i 16 tinn it a8 miin driped BY akpeinGItelrse

comitfat iicaRk belganpasedahihe.cameimedsingtae gisclased teahnigtemeln
steps 402 and 404, the first binding site of the first macromolecule and the

Iter O APBTAIY Gté SP TRy YR AL o BB R RiE AR PP ARy a1
the nehthertechinigives dis diasstapovecinicanjusttheringithb&iein 2 82 ob g aps.
Like%‘@g%orathots eeglg Cl?o%erqeb%l T tc]%gc%%tlona ewi ego %(ee"gn p1|saor ace vohume
Methods for Ident INg a Binding Site'in'a acromaiecute T Bdditional
consisi ofriblaibtits dien ©f Bee compasednthadsindimdghsiiopuobsuling site volume
mapdnacromolecules are identified as well. In steps 404 and 406, a first
binding site volume maE based upon the first binding site and a second

bindirSIERROmEnHdp i EEE RiSorP racds Ao Bt iBayie map where
the pd&ztrtftﬁﬁﬂiﬂ%dcllﬂ@mﬁiaﬂi/nfﬁ &}@ﬁ%h&@@&l@&ﬁéﬁ@é@&ﬁf@ ﬁ?@w@ahﬂoﬁ@cgmgi@ Reduced
with step.204 of Figure 2. If additional macromglecules.are to
by o R oA G 0TE R R E B9 R A eps of
otherdemtified lasive Wndh@épiﬂ@@pmﬁhliﬂd 'tni rﬁnﬁﬁ@$iﬁ@W&nﬁgp\&an c.iispla'ying
suohgﬂﬁ?é?eﬁ‘?&’%ﬂcﬁﬂ%&%%ﬁ?f%%‘éﬁg%ﬂﬂ% g&m@y %E'&’&g&ﬁ% JRt0Idiag Rl
volume map and the second binding site volume map. In some
In sospseipdEReststhen VORIt ctner evmbivatioherme P forhe ddbjeeawip osieeator
descHIREIRBORASY VO ENS SBRR R b 2dditional nar omale aules @Rl Renposite

compared, the third binding sjte volume map is a volumetric combination

o P olum
bindgecsicr BRHE B SREVEIREIN RS BriHEe RRsivTensutinss tomher is
shova@nipascad: dmbotinays, hingieggitbinainmadnansoimiiesons a map where the
poreIEFIOMOISCHIES 00N e compared o dentiy, for cxample G URON i ing
Intersection, différence, unique, and avérage regions of the bin m%
site pooketsdBinding site volume maps that are formed by such operations, or

corpbinaions: RESHEN BRABHRNSHABARIGIEES 10 HEIE MBS AN R lume
e binding site maps. Such binding site volume maps are also
Pﬁﬁ%@&

YBEIPIRTE AR FEMHETER-ak  WIFd 10iRERHY SIRPVORIRTEPRIRSS: in one
embB¥RRift IRy ShapKRRINGING SiiewWRIINeiMaRS Wheretusedda.generate

such binding site volume ma s.é some embodiments, the upion volume
RN HEB LIS GBI A B IR TR TR AR SE Lo
volugithespd the rmbroinolcbutesiselpbtdindntsaiveserabpoditioantsaifikehatvidh
supe?gr?gggg ria% on %%?ﬁllgl 1 ?Qn\ﬁ’@gggng%?yd&og' rs]}tgso faln t%hgu}%%%)lglﬁ)%mhe first

potential value found at that same position in"any of the input'binding site
and geslordIdpE sithlsiwoe ampTixBoscseneoihollvednithis s heilliplowutesend more
thanl SRS YHRSEVAMMEsCRORISINGRALIREIUMNORARIS that superimpose all of the
macromolecules onto each other are also applied to the corresponding binding site volume
maps so that they are also properly superimposed onto each other.

There are a number of ways in which the first and second macromolecule may be
superimposed in order to provide an appropriate superposition matrix for the first and second
binding site volume maps and all such methods are within the scope of the present invention.
Such principles have likewise been extended to the alignment of more than two

macromolecules but, for each of discussion, such techniques are described here for the case

where just two macromolecules are to be superimposed. In some embodiments, the backbone
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volumes contoured over the input binding site volume maps. The union
operator can join multiple maps together in this manner. 24 In some
embodiments, the intersection volume is defined by grid points that are

atomg GH RS AP UBSHTEAS STt 56 Pad erenmdlbindisg Site efalc i ggwsbsecond
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volum con5| 0 thﬁ mtersectloln Ethe umes contoleed over the
allgnment obth 053 es Othe frd r R o lactle With eremd €3 ﬂ ﬁ:con
Input binding site volume maps. In some embodiments, the difference

macrvmgmle DednipesiteBieding ditecriap kel astrstsotentiakatoszsed methods
such QQ%@QM% Sinding MelHME 85 AP G A IRE MaamRlesyie jsyadused

y the potentlal value found at that same position in each of the binding

Moie&%@m}ﬁ%%sl 8f- Hﬂewmm%me%rm&te@@wﬁ&emgﬁ% qpelobal
aligntAenti(glnaeamelacwam Wi @Ig&iﬂﬁiﬁ%@dl%ﬁﬁiﬁ aﬂlffwaﬁlﬁaﬁ tndingusie of
orn.p, itive at ve conto are.snow (0]
Mol e o e Gai s emeheron i have
been'thifferenced memmwmubmmmk@mm@ exgeption Melfigithatiadhce
a11gn%§&?§¥§%¥a%%%§e i %&5’?%{?&%&%&%@@ Nkl %%%81&9&% to be

truncated to zero and on e positive isosurtace contour Is shown, In

supesgipesein B?@mﬁ@ém@rrafﬁea{femgelbiﬁ%ﬂr@@i@%ﬁ@m@ﬁﬁaﬁwﬁl&i@zmm&w 6,

298, Whers dbgis ReieNtiabyaliR iak.eaGhRint Fen e PRk i e, Bl BFRASE Ak Rercby
found over all of the input binding site volume maps. Typically before the

IncopaHHe iR EIATBRTAFSH L BN B EMHESHE, the binding site volume maps must

be Ghgeshrposed erttoaatts oldiciad battide:¢astHePiapst sequence level, the

aisSREIROSIton, n.one, embodimont, theysuperposiion maiytatwil
superimpose Irs secon macromole CU|€S onto eac eris

One wmhmiylatwmembtmmﬁ thposeithedist ahthsowomtavolymee dvapdion
(RMIVP£ER QNG SRS &P P NEAIS, MG RHREHRATHAB- M AL S APl bf the

superimpose a region around’the first and second blndlngﬁétes is used to

fem‘%\?ﬁ@?ﬁﬂﬁ&?’s@%ﬁgsﬁ%{d siransEbEine i gdng heibatsdh et Avssimeethod
(Ka&mbmﬂm@m yhesadheading Ses ohiThokeh BN e PIAGEABY RGBSR

are e comp; red the trlces that sup all of the
RIS e G A T
secobihgingsitelaaiemey vaps$ inthatdheyrare. a]’sm jpromet )aﬁupeblmbmsechtoms of
the HUAR Ch&&@%@éoﬁb‘?e%u?e%‘ MBel; dJm i Nopiish tg?a%%{saiﬂ%s‘?cond

macromo ecule may be superl pose %O pl’OVI € an appropriate
macsupelgsobitibet Fraeix Wqﬁ@wﬂmaﬁg@éﬁ@émecond macromolecule may be used in

the alignment, and so forth. In a preferred approach a 10 Angstrom shell is drawn around
each of the binding sites to be aligned and the residues {(e.g., backbone atoms of such residues,
or all atoms in such residues that have counterparts in both molecular models) from each of
the macromolecules in each of the 10 angstrom shells are used as the basis for the alignment.
In other embodiments, a shell in the range between five Angstroms and 40 Angstroms is
chosen based on the size of the binding pockets being analyzed and all corresponding atoms or
all backbone atoms in this shell are used as the basis of the superposition.

Furthermore, there is a wide range of alignment algorithms that may be used for the

superposition of the chosen set of corresponding atoms, such as a Gaussian-weighted RMSF
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binding site volume maps and all such methods are within the scope of
the present invention. Such principles have likewise been extended to the
alignment of more than two macromolecules but, for each of discussion,
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alignment can be done by manual inspection or by automated methods
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BMC B|0|3format|cs 6, .298; and Higgins et al., 1994, Nucleic Acids Res.
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backbone of the residues that line the first and second binding sites
Such ehmpiedipns Tears s il Mefsmprdpseiinog shexegiop Ayaikahying

targ3hiSlg 828 indhiahisbaiebyansspaiatat Dyxiefrepcemhrretn) sitberriis,

ide ran eofchmcesfor hich correspondin msfro the first
o R R R e o e P T e e

volubwckiapme{hﬁmscoﬁdthmcﬁmg at@sbmmatpadmmmﬁweﬁ snaly dosbosethins,
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atom in the second macromolec e use ment an

will fesriie [Fplip PETBR BRMEHIBEThIA qﬁfﬂ@%ﬂa&ﬁgﬁéwhwm Tﬁ%b?ﬁ)‘i’ﬁ‘éﬁéﬁﬁmed
by tRf faehinding.sites-o e aligned and dheresiduesHe-tmMaskbanendigmSolume

of such residues, or all atoms.in such residues that have counterparts in

mapﬁofhdm@gﬁ?gﬁ%dwgstpaﬁf ggecil.l%@dmc site volume map (the composite binding

site volume map) will reveal those parts of the first binding site volume map, corresponding to
the first macromolecule that are not found in the binding site volume maps of the other
macromolecules. Such visual inspection can be done, for example, by drawing a semi-
transparent or non-transpatent surface over the grid points of the third binding site volume
map, First instance, such a map could be drawn using any of the techniques discussed above
in conjunction with step 204. Such a map is highly advantageous for a wide range of

applications such as understanding enzyme substrate selectivity and structure-based drug
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the macromolecules in each of the 10 angstrom shells are used as the

basis for the alignment. In other embodiments, a shell in the range

between five Angstroms and 40 Angstroms is chosen based on the size
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_incorporated by reference herein. Once the binding site volume maps
site YRlyehEBR abiisiRseRdinfies g minee esmbiarameeing fdpanbedipents,

each%f@ﬁiﬂﬂ'iﬁﬁﬁ@flciﬂlmb ¢ tﬁxmb@oaﬁelamﬁuﬂmﬁplwm%eﬁﬁméﬂ%ﬁi@ﬁ {812e40i91 in
oft ch of the bindi ume maps. In such embodiment
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also goardiedie griepbiitd gl Prefieda ORI OBIa! Of e Epeeiin §é%(bﬁ done, for
exarPIIBE dBlRi YO WIBRi ARG MR NG B RRAMRSA R A tG 6288 WIEKEIARGF the

third binding sjte volume map is a combination of a first, second and third
thirdiReing Figy ShESRAPH5L ASPAPAER R PUtHEna e deripgLRdBRiRoove
in stsﬂemnlame imepResiibconsiiie: lh@dﬂ@@malozain@m;ﬁmhgagaﬁwwageous fora
uiva of oints, in the first con and.third ng,site valu
b e R B S AT PR ke &6 o
confep mmswmof ke fimsndeche ﬁrsirmhmmbmﬂlm@@iﬂéwatummaﬂ@t Onhetsef

mhlﬁﬁélll 0,106 Al aRRrGEak athel R VU MEHIS, FORINAIRMDARGAD

be extended to the combination of any number of binding site volume

MAaCFREIOACEAG CARIE BEGHRISFETOGF Bltipbreced}s @W@ﬁeomﬁ/e@éhlmé%%demd
TheQBﬁ;ﬂStW‘!é@ﬂdﬁi@ &tesr?ﬁﬂngqmpta@ﬁ?%&em Hm&ﬂlgﬁer%ﬁeﬂslofcﬁﬁe ﬁlrsé binding
e, l n|n ere vallapie in a t binding site includin
pook R NS P S5O TR At e e RS B ehtll t
con‘?enﬂmglmemsq:tih&wolume combination is a difference of the first binding
site~yolum and th indi voI map. In examples.of
S R L b AABREBIE o

instf\tme EemmpbisnetBirimg isrBoroltmRe ATeRYCTAER Diettiteovatges éfrtﬁ@gaméolume
maROSHiAbIAR fshRiRding, iteale R hAthA JEAULEDHLY hch the

otentlal value found at that same position in each of the remaining
thir )&g VBluppmap consists of (l?ﬂmse portlons of the first binding site volume

map that are not shared by the second binding site volume map; and (ii) those portions of the

second binding site volume map that are not shared by the first binding site volume map. In
some embodiments, the first and second binding site volume maps constitute grid points and
the aforementioned portions are identified by determining, for each grid point in each

respective binding site volume map, whether there is an equivalent grid point within the grid

spacing in the other binding site volume map. In such an instance the composite binding
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maps. Advantageously, inspection of third binding site volume map (the

composite binding site volume map) will reveal those parts of the first

binding site volume map, corresponding to the first macromolecule that
volumeansotifighhiahits therbimetingiaie ocheiieshvépsiingf dte dtigends occupying part or

wholPRGIRMEIEGHIES Such-yigHal iBRREcLion aante fongferexample, by

drawing a semi- transparent or non-transparent surface over the grid
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apprlDEINGPfHD @dﬂf&%@ pisanQt Sesikednd hedbirdbinding, SRR dRBRation

can be used to determine regions qf the first binding pocket that are not
moduls-42 6B\ PRV SRR HRRRGHIB KPR RIB SRR S KNP R  ts).
Furtherseaeesachhogimentshithinygolnelaam hinstiam ikdhedntarseiiiommdy taenbined

using Eranding, Site volume map gnd (e second binding sitevolume map. 1N 4
%xamf)(laélé1 or'stich embodiments, each position i the composfe B?naﬁng’

so fogite Voltmarmreptodbivditiasitinimom vajsedobadtinedtie euusdehd or a
comﬁ}%@l‘tmg&ﬁ%ye%tg&m%m ?gﬁﬁgmgéeml}gg{ are combined to form

composite binding site volume map. Advantageously, inspection of

thelfyENTbiAtShiR R IRIRECBNSARESIE SolGREHE A PRV AN thBkepar el

regi%{stg?tﬂé%ﬁx@%%iBgtﬁg%ﬁ/t@'@m&ﬁ@éﬁet?%ﬁ{@nﬁt@@tﬁ@'éﬂflﬁgsk@bﬁﬁﬁf aRdite volume
Inding site volum ap. »uch vigua mspectlonc n pe done, 10r

mapéséa%?él?ify é’?g%ﬁeff& aé%??ﬁ?%ﬁfﬁ%&’ﬁ%ﬁrﬁ%ﬁwﬁﬁgﬁmigma@@féeér
secotitechsidapaintis of thevrthinchbihdihgt sitevohsineuis dpt Suchrasmagheassjyetive

.drawn ysing the technigue described in step.204. The i ction.
e B R R L IR e i
therghn geeasfragpslicitionsosushpdenithel Brstebisipashiar pbyivrisast thetbidiag
c}asﬁﬁgﬁé@&mﬁqﬁwé%ﬁé@&?gywe ﬁ@oﬁﬂﬁm@ﬂ’v&hﬁ J{EE%@B%%%% be used

could be an enzyme that is to be inhibited by an inhibitor that specifically

in sy A& A8 PR B dih & B KRR WHIE e SHRBAR, THALr SHHio RIS BT P not
onhyal ginigyieedaionhighisnasifisdynciag afsthes shibitosisnigidesived. The
composie, binging ste wolume 1map can b ised (o deterine fegions of
DPARETIS |?fd|ng rc?ke(%et Stare’s aFeqe%rilst fe sécorﬁﬁnﬁinging poc ebaha
thatthBgefdrehdaihbepr ovididepdtentitlitohisonfer@nzynieseleotivityn Otherse where
the %‘gér%@t%ﬂ CERRRNAHONGOhRELrSL Binding Fleavalume LARS S ARSRIRIE; the
interaction map not only graphically highlights regions that can be exploited by a ligand for
selectivity but also illustrates what molecular properties such a ligand should have.

In step 414, the third binding site volume map (the composite binding site volume map)
and/or the interaction map are outputted to a user interface device, a monitor, a computer-
readable storage medium, a computer-readable memory, or a local or remote computer sysiem.
Alternatively, the third binding site volume map and/or the interaction map are displayed.

The binding site volume maps and interaction maps of the present invention can be

visualized by any number of commercially available and publicaly available software
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instance, the volumetric combination can be an average of two or more

binding site volume maps. In another example, the volumetric

combination is a uniqueness function in which the third binding site
progigsa el s don siet S it thdseupbricRsBiske fatsirrlig sRevoRmne
PennHARANA LB RR! GWRIRH DY AT hintinG sitSMatimemap; and (i)
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pointmap et {irecthischaetgin duhding:tite, wolhaiatmapionrapdher instance,
in some embodiments, the volumetric combination can be the difference
between (i) the intersection of a first and second binding site volume map
and (i) athirdper diciowidny éitaiidrgrad imdipg Given idadisehosirde
hergiBmenerof stikify the A5l SRPEeHaEHRRINRCABRRS G RN Rk 4

volume maps generated by volumetric combination module 62 can be
to, thefoleyis THRBISHoANSTEG BRYORS BRitfingidiRevrdimedasmgeometric
metHodstherssiaaTsH eIy asteiBioohngsite, Vo meanap6aniHAnISBkes!,

e logically combined using, for example, the union operator, the
Nonlh étr%%gffg}lr? %%Se?at%}‘r? r%e%$f§rgﬁc%58p()%?gt%??°%d so forth. Furthermore,

theFinginig sitehuaiu trenmiipdscantizes Stoodtbirl,COFTHUILAED Gha STHHGS 7,
and ggc sofle by compUer L0 forialer Hse Ana analsis, gé-%tf,%aﬁ?%f@ﬁich is

ch respective region (e.g., respective grid point) in a plurality of regions
herepy fHeospifaes BY tREINEG Birkiihdriftacioiupner s oiMe Colpese Pridingnd
diffSHe yelumerdnamhisepiionalbeslaseifisdtased nan-aditst alatacterstia
that is complementary to a,se%tond characteristic of a partion of the_first

energele MORSIEEETERSEY AERIERTID HEEPEIR QAR OTLIO (a1, 2Rfle et faress

to tharthepisshmacromolecule that is closest to the respective grid point)

the{ﬁ?fy %&%%tk’f;‘gh%%ﬂt@{%%{%%Wea&LorrE é@ér%gﬁ‘%@s"ﬁ“%‘égﬁtéﬁ iR a,
Any of the classification tec nlauesd scribed above in conjunction wit
199 Btéprraba Midrmd 2 CaarbesusddViniginh 14 .classifidationbinsomerated by

refefRGRITEN S REYANIA9RANEYa SHEL A RITAGHAR AR A @Y erid,
highlights portions of the binding pockets that are shared or unigue to two
Geometric methods. Yet another approach to identifying binding sites of

macromolecules is the use of geometric methods. Geometric methods require the three-
dimensional coordinates of the target macromolecule. Such methods explore the surface of
the target macromolecule without the use of energy models. There are a number of different
types of geometric methods. Geometric methods include, but are not limited to, the
implementation found in the Molecular Operating Environment (MOE) {e.g., Version 2005.06
and later), which is distributed by the Chemical Computing Group (Montreal, Quebec Canada
H3A 2R7), ProShape (Edelsbrunner and Koehl, 2003, Proc. Natl. Acad. Sci. USA 100: 2203-
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macromolecules, it also provides a convenient means for visualizing the

molecular properties that a ligand should have in order to exploit this

uniqueness. For instance, in the case where the interaction map
2208highitig e differsacettbbyedrehecfrerimdGEEbt enaemomeoletuléthe
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macioh®]eRalowdiospCadifitraiy) Gaudsiarfise tfagest Bothithemtld pofats tidtfill

me;etﬂﬁgbiﬁ?g‘s@nﬂ%‘ﬁé?&ﬁgg @s%é 1B Eﬁ%digé Qi&%%%@%%%%%ifaga@#&‘et é’iﬁrgééi"h

i points may e referred to herein, interchangea : ing
dimeysionabransgs SetogrerEasRsling P GtsEthre elipsefrsivinriPre pfoseatatoive

sitesOfertRBDIRAHOSIR SIS HRRMET19) bey 4 Bindingraita VlHEIE S8R RE1B 0603,
the characterized Prid oints that fill the binding pocket and any

Jourpa} o MiYRSHELRISEIARE didwidbuer S graY peRtRoRLE B Tekarnsa ferein)-
FFFhereiRrinié fehangeghiyhas fhsidietastiion, mapcoffomnenoplal ydtethasds e sites

., for ldentifyin inding Site in.a Ma olecule ,Methods for identifying a
R Ak Dy S e L A
bindgprigashiss abneitiretic thadedadiaghodd: gy rifivesisesmethodi cylsmiettie case of

prot@BRINdRe Glassifigaton ethiads. Aad AL oLmatneds @8 Wellas 3PY target

combination thereof. -Nonlimitina examtgles of such methods are disclosed
SeqUSBESW! RS ERIEH the G2 AenT® a5 e kSt CBBafsrdf ToBsmplavey

algofiemal&l BA9BmE banciMisra o k9th FsptRnscBH Lt a P bIstiORkions of
and ge eticse%?l, %13-34, ?{%h ﬁé’ Tich is her incorporated by
o B R AP T A SAIES B oL e BIOAE s 2575
whidiffehertbpriobepareeddm pefiednice anratienibet8licate pridrgeticallyble database
of tﬁ%‘é%ﬁ‘x@éﬁsﬁ%’f réj)?ggél}%'?%&%eoqc%%g?n%%g ?:ycpllj%g‘rlllydérel g&rgyt?eechniques such as
assignment of proton locations and partial charges
two- and three-dimensional nuclear magnetic resonance as well as x-ray crystallography.
TESS derives three-dimensional templates from three-dimensional representations deposited
in the PDB. Using TESS, a new structure that corresponds to the target sequence is scanned
against these three-dimensional templates in order to determine the binding site of the new
structure
Classification methods. Example of classification methods include, but are not limited

to, SURFNET (Laskowski, 1995, Journal of Molecular Graphics 13, 323-330), PocketPicker
{Weisel e al., 2007, Chemistry Central Journal 1:7), POCKET (Levitt, 1992, J. Mol. Graphics
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to the receptor atoms. Grid based methods. One example of a grid base
method is Ligsite (Hendlich et al., 1997, Journal of Molecular Graphics

and Modeling 15, 359-363, hereby incorporated by reference herein).
10, 2pfhaRdtsaardhadintinky LagicOserabons ofjeskamensRniassubR9gridMol. Graphics
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of the target macromolecule was represented by one of the five large

developaflacdaiine Qirsea sl hindissgites pf ko arnsdirssd Duthergore. for
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bindBigalintcesitio8of Jostenal ibMeoiatuldr Bigngyi28kadRO6Rwihichpdexed

StrucI’%L(-%[reby incorporated by reference herein). FFFs are derived from the

geometry, residue identity, and conformation of protein active sites in
known x-ray crystal structures of proteins. FFFs are used to identify a

macromolecular bingding,si M%?@a@ﬂ%%z%é%%dmg models of
various macromolecules In the case of
Existing sequence comparison processes used in some embodiments of processing step

410 (Figure 4) may be divided into two main classes: global comparison methods and local
comparison methods. In global comparison methods, sequences are aligned in their entirety
and scored in a single operation (Needleman and Wunsch, 1970, Molecular Biology 48, 443),
In local comparison methods, only highly similar segments of two sequences are aligned and
scored, and a composite score is computed by combining the individual segment scores, e.g.,
the FASTA method (Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85: 2444-2448),
the BLAST method (Altschul, ef al., 1990, Journal of Molecular Biology 215, 403-410;
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proteins, in one approach, algorithms have been developed to use the

structure of a target sequence in order to predict the enzyme class of the

arget sequence, For example, an algorithm called TESS has been
Misqio et 0 TR schcemi A gaHAl SR fenBleh ZR oo the
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2308- ZBZ%éch IS hereby mcorporated by reference herein), The PDB

is &'pABik P S EaSc HFIR AR ST T AF Pl S Seresmsa e an
algopptioteinstthaBhsivd betn deativad ByatekMhiguUST s150h), FSIHBDASHAPHI-BLAST,

eesgdimen eti onanc
T T R T e
AltSQh\ﬂéél-dimé?%omthe@%émmm%ésﬂ@d%tmmlmm@ T@SS’MAS
USAW%‘?@C;‘;%E? el £REEERRPIRIR %@t@%e’sﬁ&ﬂeﬁﬂ GRdR &%@R)‘i’&ge&ﬁ’&’ ﬂ?&lude
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Meﬂd&iemuhlﬂgathmbmdtmmslte of a target macromolecule is

three-dimensijonal cl ste is (Landgr fe al., 2001, Journal

Molecular Bic S%%y %‘Bu‘}' glsﬁgécn ?n%’e%sm?%nléclust ro“r"%ﬁf’ygs&sequeme
' aligrid@mh‘i'esladwea@msegﬂ@gmbmkm@umna@cmjmmlmonmm@rgofan
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the target sequence as a whole. Direct methods. A direct met

eachpfiismntal heabingny sibstibrtionsdba 696 Be drend aolrdiKidugl gesidue positions
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comp ith a li that binds to the Inding site of the proteln
maﬁhﬁfﬁﬁ?ﬁ&d%&&sﬁ%gwaﬁ 5%5%%?5%%% SRRSEOESSs (RuinyPsaraine
one ofyh&a;ﬂmgralmupmnugIamnmagdmmﬁmhanaﬁhecimmmﬁw&bm@mﬂﬁyo acids.
Ins %y@n Scfﬁié] %s Qaﬁf% a Ir?)gxg éaee 'zrt]n% an{éli%ul 1%3 {nrrgjt?‘ ! h%g’d by th
%een Sﬁje?ve %y SUCh techni ques provides a source O rmatlon tﬁé% cany ¢

alignyaenisaadd prigivtwhidhe BHOSAEMGN lﬁ@ﬂ*m&h%atﬂnwﬁg\@lﬁ dfedPthed scoring
matfREOteiR D& BXRIRIL s, fRim of Hmen@&%;étwma{u&%%h 200%ne of the

LigBase; a database of families of ahg
twenty naturally occurring amino acids to another amino acid. (See Henikoff & Henikoff,

1993, Proteins 17, 49-61, 1993). While any amino acid substitution matrix can be used,
additional illustrative matrices are presented herein. For example, the WAC matrix (Pac.
Symp. Biocomput., 465-76, 1997} can be used. The WAC matrix is the result of a
comprehensive analysis of the microenvironments surrounding the twenty naturally occurring
amino acids. This analysis includes a comparison of amino acid environments with random
control environments as well as with each of the other amino acid environments. These

environments are described with a set of 21 features summarizing atomic, chemical group,
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ligand binding sites in known protein sequences and structures,
Bioinformatics 17, 1-2) developed a database that contains all binding
sites of known structures. Furthermore, for each protein of known

residygy ptd rscondatntibateapfortides Enealigimmenendtiradivéladsdiproteihshells of

one ARGHENESSIANRSTYCIHESHTRE &iYBRSS SEAYENGR AHIRMENS, GBS ¢, atoms.

used to predict the binding site residues of proteins that are similar to

Stll ROtBFRETHAR RS HGIMH EomAIEEE Rirlremddx Bkisletan) sttfSehddol. Biol
204,akig amaﬁtmr@waﬁﬁr@xiﬁtMImu@ﬁ@%gmeﬁa&%%%sﬁﬁg% g?%ddciglsi%ered
some embodiments of . processing step. 410 (Figure 4) may be divided into
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statigifsl aresheinenpscorer e Edlermekiare aligned and scored, and a

COMPOBELRELIRISCOMBMISE % CAMRIRING theindividual SEoMmEN SERIBr.
e.g., the EASTA method (Pearson a man, 1988, Proc. Natl. Acad.
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the SEIRTSHOEBISTRROAHSS, e BERSFHAENGEEsReblics drerpdopiler
CARIO#Aal bilvialegsias Biblagy tbhrd(8i4ddpstbdisabuh e akGi0R8eram

N i ids.R g 389-3402) and the BLAZE method _(Brutlag,
e S R SRRy RS o7 rdbee 1 ome
instasasbouherentsizse berdd @igpomanobmactpaioleenies isijeriprmes, using
PA@Q@AQ%M %H&Hn@%ﬁ%séﬁén%ﬂ#@'%H?ES&%%@QCMQO%%&%%% Sci. USA, 89,

PSI-BLAST, PHI-BLCAST, WU-BLAST-2, and/or MEGAB 1 _
10918kt B &gl nowdty PIN o6l e Beurds-afi & can fesaral etailitiwobal gorithms

B R A VAN CE and
, - . itignal algorithms that may be used to align’ _
AD f?&%ﬁ 13563%% e 8%%%&?&%@@&&8.19%9& rotelieat RifigeAmino acid
substitidted 466) o€ lustaVigdigfintetables 18964 Mathed sdt Nzymdto 266P AM250
A n etal., 2000, Nucl. Acids R ,
e A e Al S O Tt

Computing Group, Montreal, Quebec Canada H3A 2R7). Various multiple

sequence @mwt&@@méw RYS A8 AL IRIR IR RS TA
(Pearson, 1995, Protein Science 4, 125-1&60)€}Cll#§%alwt(l-ylci)ggin et al.,

1096 HRSHBLE VERSThTEN LB Aesealss) 2 MSEITEFS BEei Mo hat
comBitagychataraiongMeyeipiatinlsntRlidd Heidalhgig.Germanrkoasmalidium,
AT e A
cotngréeproleinkersuth sageBheencthods of the present inveation can be implemented in
one or more computer program products, Some embodiments of the present invention provide
a computer program product that encodes any or all of the methods disclosed herein. Such
methods can be stored on a CD-ROM, DVD, magnetic disk storage product, or any other
computer-readable data or program storage product. Such methods can also be embedded in
permanent storage, such as ROM, one or more programmable chips, or one or more
application specific integrated circuits (ASICs). Such permanent storage can be localized in a
server, 802.11 access point, 802.11 wireless bridge/station, repeater, router, mobile phone, or

other electronic devices. Such methods encoded in the computer program product can also be
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alignments include a pairwise alignment using an amino acid substitution
matrix (e.g., an alignment scoring table). An amino acid substitution
. matrix provides a numerical score for each of the possible pairings or
distribyiseHTGBARIEARY AR e Faratar ipRiiia PESTABETSE GRS Ghrter data
signalignmest it willtberapprediated thaledd-dneieiapgimBnt: theaamine weid.
supstitution matrix is a 20 x 20 matrix, where elements of the matrix
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ocgurring amino acids to another amino acid. (See Henikoff & Henikoff,
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serv@aRoRd Lisegkssadditiog . illusiraivebmadecesiaiergresentiedibe ieimilt ghone, or

example %.WA atrix (Pac. mp. Biocomput., 465-76, 1997) can be
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signa%iqwaﬁmmmmﬁés%rg%m@cﬂi%ﬁy&&@{%‘i’taﬁi%%vgeﬂ%%e.
with random control enviromnents as well as with each of the other amino
acid environments. These environments are described with a set of 21

features summarizing atomic, chemM@greup, 33 residue, and secondary

stryctural features. The enyiropnments are divided into radial shells of one
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Ri g i sl I, 1 Mol. Biol.. 2 9- .
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14-2fe prhisdd i teiey ansipcasiol &2 tafermetharaimdlly birafaroriotdad@esivhen,
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. more than 1.2 Angstroms apart. Using this criterion, amino acid pairs ,
Site ftind i 8) Hhns Ao St Bp e@s e SR &Y byhdtatiamag NKS using
the syeihindadaneepeiicetbatRisles vaatibstAnaihenaoo Jimbing exanplerMan: site

alignme ram that .can be used to compar e sequences of, .
oL IR RGO TR ISR e (e epec Sl
the iQABIOBMthehindigg 8jieSuthranratgol ith Anissid cberomdibesitt oy thene map of

INKA %%I\ée%@gtrﬁgn&\ﬁg Eﬁ%gte%) 1}{"?{&5}&%%‘%82 &HE&&Q&)& @911(!8{} ustrated in

alignment software package. In some instances, when utilizing the ALIGN
Fig%ﬁ%@fé‘ﬁﬁﬂ% @ﬁﬁﬁﬁ%@éﬁ%ﬁf@d@&@%&aé%é@}% maMho B3 8HgrA NS
binds6OEING. tabe ¢ Hnikatheenikafiot99%) RrotiNathiAcads BLluld SB) 8Mmis
i SoAn) 2R 09t QRN of 1, a2 g penaly o 4581 e sed
Figure 5B, the inhibitor is fully contained within the intersection volume. Thus, it is expected
that this inhibitor will specifically bind to both P38A and JNK3 and wiil not exhibit selectivity
between the two kinases. In fact, this is the case. The ICs of R1487 for P38A and INK2 is
0.610 uM and 0.200 pM, respectively.

Referring to Figure 6A, the binding site of the P38A kinase was compared to the
binding site of the INK kinase. Here, however, the volumetric combination of the binding site

volume maps of P38A and JNK3 were generated as a difference map. The difference map
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for sequence analysis are known in the art and include, but are not limited

to, ADVANCE and ADAM (Torellis & Robotti, 1994, Comput. Appl.

Biosci., 10:3-5). Many other amino acid substitution matrices can be
illustipied irSlieh efbiieéinae lid es b oo rsier to TR PAMRBDsI AR )ne map

but afEleR kel Hemk ok 1984inE 06 WA AREE: REIMSAESPRPFLIRIO e
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702 nfagnefitAdiskdEteragekprodiet] olydiynditivel cofeputar?¢2adable data or .
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p_erman_en stor ge, Su as ROM, one or mOI‘Q prqgramma e cnips, O.I‘ '
the pding e s teplonestiopddpetifridnnoging e diovaEigNSIosy uchf the binding

site REHYEHIERESIAEALE £RMOS ]&1@@%%@&‘ iﬂo@e.sﬁﬁ\ﬁé’u%)g; %ﬂeﬁ@ﬁ%""@@%%mﬁoms of
802.11 wireless bridge/station, repeater, router, mobile phone, or other

the A& dutspitogithelnerise ot AR e aDrsstin T -coins s prisgraand methods

discpredutbcaralhodipedistibgiadielastrhridallyn i ihe Witernei@ice of the binding
.. otherwise, by transmission of a computer data. signal (in which the

site GG e OB R Al KA ey 0

secoBEXAMPLES R efarrivmico Fighyenbiothddoindithgt SitecafaftiacRB8 & Kierive region,

theréﬁ?%r-géﬁl% &h e 2030 haiest. GRAI0 A8, {0844 1R WRISHIS8E ¥or o

_incorporated by reference herein) was compared ‘
region of the interaction map and thus the region 810 of the interaction map 802 nearest this

lysine 808 is characterized as acidic. The inhibitor R06257 (element 806 in Figure 8) is
superimposed into the interaction map 802. The inhibitor R0O6257 does not have a suitable
polar atom to interact with lysine 808. Thus, RO6257 exhibits an ICsq of only 0.25 uM
against P38A. From interaction map 802, it is expected that the specificity of the inhibitor

could be improved by positioning one or more polar atoms that would interaction with basic

Iysine B08.
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to the binding site of the JNK3 kinase (Weston and Davis, 2002, Curr.
Opin. Genet. Dev. 12, 14-21, which is hereby incorporated by reference
herein). The active site (adenosine triphosphate binding site) of P38A and
JNK3 was identified using RERESRHNCOUDEIABRa Site Finder. Then a

binging sitevaluma ReRnuasisensitziad R both 384 aRdINKRMSINGNd for
all pthe s%/stems and methods described above. Next, a volumetric

ittoh BIASHIRLAY Sreh siliiduahpyb s amar apimhes BieRhgPalieation
was vgdvifieriyap dindiNKBaliadgenesatebeSpeciically, bihe fitareaationaithe
here%\rfdi%g sli}:[e c\)/S%Isume map of P38A and the binding site volume map of
K3 wgsr%ene‘rated and is illustrated in Figure 5A. The intersection
volume illustrated in Figure 5A defines the common allowed volume for
targeting both the P3 8A and dhYsg-eindingrsdes. Figure 5B illustrates the
inhibitor R1487 (element 502 of Figure 513) in this intersection volume.

Figdresesiberdiestaadieistons ditvstinewim ras be madpusibauiaparting
fromFitgypR-o 434 tasphRIDIAN i ihscantaings Wikt theiptersaeiop@idme.
Thus, it is expected that thi infgig)itor will specifically bind to both P38A
eI R AEP AKh BHEE Sty OERRBEIT (Y 0B CRABERPPrisde be
limithisigsthe dasemnThe tR:bppdiddd Blaifas, RIBBA witd (AR sofeQtRMiemnehts to
whidh 299, Mai‘]ﬁ?%céﬁ{ﬂ)! 'Referring to Figure 6A, the binding site of the P38A
kinase was comparec?to the binding site of the JNK kinase. Here,
however, the volumetric combination of the binding site volume maps of
P38A and JNK3 were generated as a difference map. The difference map
35 illustrated in Figure 6 defines the regions that are present in P38A
binding site volume map but are not present in the JNK binding site
volume map. As illustrated in Figure 6, the inhibitor RO7125 places a
chlorophenyl group into region 602 that is unique to the P38A binding
pocket. Thus, it is expected that RO7125 will specifically bind to P38A but
not JNK and thus will exhibit selectivity to P38A over JNK. In fact, this is
the case. The IC50 of R07125 for P38A and JNK2 is 0.006 M and > 20 M,
respectively. The molecular structure of R0O7125 is given in Figure 6B.
Referring to Figure 7A, the binding site of the P38A kinase was compared
to the binding site of the JNK kinase. Here, the volumetric combination of
the binding site volume maps of P38A and JNK were generated as a
difference map. The difference map illustrated in Figure 7A defines the
regions that are present in the P38A binding site volume map but are not
present in the JNK binding site volume map. As illustrated in Figure 7A,
the inhibitor R09552 places a cyclopropyl group into region 702 that is
unique to the P38A binding pocket. Thus, it is expected that R09552 will
specifically bind to P38A but not JNK and thus will
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- exhibit selectivity to P38A over JNK. In fact, this is the case. The IC50 of
R09552 for P38A and JNK2 is 0.0009 pM and 0.05 M, respectively.
Figure 7B illustrates the molecular structure of R09552. In Figure 7B, the
portion of téle molecular structure that occupies region 702 of the P38A

Mﬁmﬁﬁ%% ket is similarly identified as element 702. Referring to Figure 8,

1. the bindigogiter efshpiR3s bkiniase dieavpluateshbyvidantfyirgnthiobioging ising:
site of the kinase and then determining a binding site volume map of the . .
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regRDG BR8] emeant 806 idrigriker8)dp. superimposed into the interaction

map 802. The inhibitor R06257 does not have a suitable polar atom to
interact with lysine 808. Thus, R06257 exhibits an IC50 of only 0.25 .sM

2. agaipgt BRafdrroaiRiarachenmar 8l dhisesrGtes thatthe specificity
of the inhibitor could be improved by positioning one or more polar atoms
that would interaction with basic lysine 808. 36 REFERENCES CITED All

3. refergRees.aien Heteimare ingorpaiatedhereiny taferenae i theiicleic acid, a
entirety and for all purposes to the same extent as if each individual
PeRSisls CaRIGH B IATEH SpRiena BReRIB UL fRANFANd individually
indicated to be incorporated by reference in its entirety herein for all
purposes. MODIFICATIONS Many modifications and variations of this

4 inventisrithcdeohate Winoleieparidg froMirsigoliit dfcnitspe, @Y hmprises
sePEHARPALBOYLP Shasenskillesh et 3ty e sRBEH S RRQHIMeAtSgetic function, a

described herein are offered by way of example only, and the invention is
erighbgcdinlARdtRNR 185 XS et S Y - Aol esridert pims e ngr Atk mafhod-

scope of equivalents to which such claims are entitled. 37 What is

claimed: . : L
5. The method of any one of claims 1 to 4, wherein the second characteristic of a

respective portion of the macromolecule that is nearest to a respective region in the
plurality of regions of the surface of the binding site volume map is:

a hyvdrophobicity of one or more atoms in the residue in the plurality of residues that
is nearest the respective portion of the macromolecule;

an amount of solvent exposure of one or more atoms in the residue in the plurality
of residues that is nearest the respective portion of the macromolecule; or

a clagsification of each of one or more atoms in the residue in the plurality of
residues that is nearest the respective portion of the macromolecule as acidic, basic,

hydrophobic, or solvent exposed.

6. The method of any one of claims 1 to 5, wherein the classifying of a respective

region comprises coloring the respective region based upon the first characteristic assigned

to the respective region.
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1. A method of evaluating a binding site of a macromolecule, the method
comprising: (A) identifying the binding site of the macromolecule, wherein
the binding site is lined by a plurality of residues and wherein the binding
site is ligand free; (B) determining a binding site volume map of the
binding site, wherein the binding site volume map comprises a surface
7. that Hasragthoradifianf regiofisteamd {G) Olasbifyinyteabinstebpectivestzgiohasic and
in the Iﬂrali(t% of I8 ionsdof the surface of the binding site volume map
thegeco%!oc aracicris %C%}S acl %C.. . .
ased upon a first characteristic that is complementary to a second
characteristic of a portion of the macromolecule that is nearest to the
g 'es él\{n? thod! 8@ rtih%rneebgf %Iig%[l'g] ? Tl n\%%&%%? %e { gha} hc%em%m ?Sd agfdic and
claim ,-w%ereln ﬁ macromolecule 1s'a protein. 3. The method of claims
the hamoRd wineneierthtec nsdeispenolecule is a nucleic acid, a peptide, a
protein-protein complex, or a protein-nucleic acid complex. 4. The method
of any one of claims 1 to 3, wherein the identifying (A) comprises
9. searthingrathoddef aiithensacfomaiesule for hethieding tbitefusingharacteristic is
nergetic function, a .qr algof] ometric algorithm, a
hych:rl%éﬁsl ica |glrlt;h r%%{ﬁ%g%oﬂ%%%?es%l?n%?ﬁg%gg&?%%’method of any one of
claims 1 to 4, wherein the second characteristic of a respective portion of
10.the Fagrampleeule st isnesreshin.a fespestivasaiann i PRI e is
regions of the surface of the bin Ing site volume map is: a hydrophobicity
hydibphebor andrdatomadrihmetsidieimhthdqpbrality of residues that is
nearest the respective portion of the macromolecule; an amount of solvent
expaosure of one gr more atoms in the residue in the pé%rglj Y. of&sidues )

- that IAEFRQIREFESPRE RS BRI D (he BRIEM MBIKERIEY Gig ) comprises:

classificRii@mafieacholonser ragishatomsci dheyedidue atherpilealily, dhereby
residues that is nearest the respective portion of the macromolecule as
detgpmiingARlur Ay 8hNGBIRObF SNt exposed. 6. The method of any one

of clgimaetetenmiheseinhs alassifyiog iaf deqsprghyeMaTMMEOrgISeSthereby
coloring the respective region based upon the first characteristic assigned

deteyiHRI P RRKRE Y 01T 98T VEiiSShethod of any one of claims 1 to 6,
whergin the ditsichatastaristieds Rasieandriiweiseatiod sharagleridiiy isf Voronoi
acidic. 8. The method of any one of claims 1.to 7, wherein the first

veRH A AT TR P R Lo AP LA SRS stc 15 basic.

(iv) classifving each respective sphere in the plurality of alpha spheres as a
hydrophilic sphere or a hydrophobic sphere based on an ability of the respective sphere to
form a hydrogen bond with an atom of the macromolecule;

(v} clustering the plurality of alpha spheres thereby forming a plurality of
candidate binding sites, wherein each respective candidate binding site in the plurality of
candidate binding sites comprises three or more alpha spheres in the plurality of alpha
spheres, wherein at least one alpha sphere in the three or more alpha spheres is
hydrophobic;

(vi) ranking each respective candidate binding site in the plurality of candidate
binding sites by a number of hydrophobic contacts made by the respective candidate
binding site to the macromolecule, thereby forming a ranked set of candidate binding sites;
and

(vii) determining the binding site from the ranked set of candidate binding sites.
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9. The method of any one of claims 1 to 8, wherein the first characteristic
is hydrophilic and the second characteristic is hydrophobic. 10. The
method of any one of claims 1 to 9, wherein the first characteristic is

hydrophobic apd the second characterjstic is hydrophilic..11. The method .
12 o ORI t0 0 BN 1 RGTRER LS EFABPGE Tyt Soplicat
alphetptmataing thephotohoioditn epleaehmiomoididecuaermmolgcule,
thereby determining a plurality of Voronoi regions; (ii) determining each
Voronoi vertice in the plurality of Voronoi regions, thereby determining a

13. plurdlity it Motond Iukrtite sy lithcs signiagrandipgh@ spbarmpitaach
Voronoi.vertice in the plyrality af Voranqi vertices, thereby determinin o
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th sBph%re ba%sed on an ability of the respective sphere to form a hydrogen
*pond With' & atom of the macromolecule; (v) clustering the plurality of

alphdespliegabdhandhiafo bitidig a e ialifyeobirdaddiclase hindidigestiesing sites that
wherein each respective candidate.bindi ite in the plurality of
b HALE B AR e e OAARLhrag <o Do SRANBL sl 1o be the
bindiupadity.of alpha spheres, wherein at least one alpha sphere in the three
or more alpha spheres is hydrophobic; (vi) ranking each respective
candidate binding site in the plurality of candidate binding sites by a

14.numbks sreiafopfhioiteohtactd maidlethy HEveEpactive Cunpitiste single-linkage

cluliashng, siic: o ipaimagraplesiie,dhereby forming a ranked set of
candidate binding sites; and (vii) determining the binding site from the

ranked set of candidate binding sites. 39 12. The method of claim. 11, the

- 15.methed fHEiRSH COMRY iSRG LIMINRLING Nean HuRicate RIAARi SRS B S ses:
plurality of alpha spheres prior to said cluste_rlngév)._l&. The method of )
clairf)L Plagiigreinafid gBtdhsilnba(APeBhPRsEY rédinggsiselebetsiiothe grid

copriiedigdaterbindintosite i ihe Hlyrality of candidate binding sites from a
user, wherein the candidate bi.ndingi site selected by the user is deemed to

be B MRy ardhe Pusagiriirelsasdrre b by HRINE dche gricythat both
(a)38H Ghsapdidalip Ringing Sitas b ainaaS AR UP U Y MPERSfhin a predetermined

_hydrophobic contacts with the macromolecule to be the
distance of at least one atom of the macromolecule

16. The method of claim 15, wherein the predetermined distance is a distance between

1.2 Angstroms and 2.0 Angstroms.

17. The method of claim 15, wherein the predetermined distance is between 1.35

Angstroms and 1.85 Angstroms.

18. A method of comparing a first binding site of a first macromolecule to a second
binding site of a second macromolecule, the method comprising:

(A) identifying the first binding site of the first macromolecule, wherein the first
binding site is ligand free;

(B) identifying the second binding site of the second macromolecule, wherein the
second binding site is ligand free;

(C) determining a first binding site volume map based upon the first binding site;
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binding site. 14. The method of claim 11, wherein the clustering (v)
comprises single-linkage clustering of the plurality of alpha spheres. 15.
The method of any one of claims 1 to 14, wherein the determining (B)

co ' . () placing a grid .on.the alpha spheres in the binding._site .
OB R ISR HICAPUR SRRSIER Rl8 BIIGl I llEond binding
sitebimding site volume map as all grid points in the grid that both (a) fall

inside.the alpha spheres af.the binding site map and(b) are within a .

ore AR B op At TaBat e SIECORAE 2L SEIRE A gotumenc

corftiaaniethd dhoffodstihinth witeredtuth e pegdeté thisechdistande dsdedistamesnap.
between. 1.2 Angstroms and 2.0 Angstroms. 17. The method of claim 15,
wherein the predetermined distance is between 1.35 Angstroms and 1.85

19. Angstemsthog. of flaioB orbsipaindistirpprrigesieisrdiipsprotein and the

secHRCHIMBIasHE e & seeensh p}gf@ﬁg site of a second macromolecule, the
method comprising: (A) identifying the first binding site of the first

macromolecule, wherein the first binding site is ligand free; (B) identifying

20,the seRaneRiading Sitesfsthe BRGIRG HAGOMSIeEASMAI8ERIB 8 nucleic acid, a
second binding siteis ligand free; (C) determining a first binding site

PeR}siETe RFIPBRERS N PSR ir ¥ bin BIRE BV B deterflsgiad the second

maSREANERIRIN HIigeVOhHe MRBHIRS 8 HHIOR HeRCENAINGING. BiiScANBucleic
(E) generating a third binding site volume map that comprises a volumetric

acig GRBM&ion of the first binding site volume map and the second binding
site volume map. 19. The method of claim 18, wherein the first
macromolecule is_a first protein and the second macromaolecule is a

2l.gecorts pretand. 2oamhetkhetHiasr dailns s Brerein e rdrm e irded) comprises

sealARIOMAiRaUIBJISR PREIRICTRGIdnAcRaRlIge:1a BFOteiN: PRREIRISAMPIN @king an
a protein-nucleic acid complex and the second macromolecule is.a .

SN ERISICURERP ™, PEBtRASEhrGISTHI BP0 iR XBRIPR R S W FtofesiRsififafion method,
or agid-comalexd 21. The method of any one of claims 18 to 20, wherein the
identifying (A) comprises searching a first model of the first
macromolecule for said first binding site using an

22. The method of any one of claims 18 to 21, wherein the identifying (B) comprises
searching a second model of the second macromolecule for said second binding site using
an energetic function, a grid based algorithm, a geometric algorithm, a classification

method, or a direct method.

23. The method of any one of claims 18 to 22, wherein the volumetric combination 1s:

(a) a union of the first binding site volume map and the second binding site volume
map,

(b) a difference of the first binding site volume map and the second binding site
volume map,

(¢} an intersection of the first binding site volume map and the second binding site
volume map, or

(d) an average of the first binding site volume map and the second binding site

volume map.

24, The method of any one of claims 18 to 23, wherein the volumetric combination is a
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energetic function, a grid based algorithm, a geometric algorithm, a
classification method, or a direct method. 22. The method of any one of
claims 18 to 21, wherein the identifying (B) comprises searching a second

.model of the.second macromoleculge. for.said second binding site usin
i e RGTEN & B BaLse 0PN o Geor ALl AT AR e O O thos
portilassiffchtidirstvietiod site acivect methiod. 28 ndheharedhndtbé asyoodéiofling site

1claims 18 tongze, V\gftpllerein the volt(;{r{]gtric co inn ion jq’S' (‘ggla union o{htzt&e e not
VOt Bliqﬁain%n [ 111/0 Gre’ r(%]a{ﬁnasno the 8¢ond 1|n(]:11i1|$g 2sfffe voturne” arﬁap, (85
shagediffetien Gesobihd fjr sibincingsiiapolume map and the second binding

site volume map, (c) an intersection of the first binding site volume map

and the second binding site volume maé)%or (d) an average of the first

25. pindihg BiEEhodighiaYRils Shd BsER dhdbidiigBitee idnaH{ingdp, zemprises:
Themathgd, ofi APYHanE AR IS 143 WHRrsinHbeNne lmeiitolecule, thereby

combination is a 41 uniqueness functionand wherein the third binding site
deteiminies i RPEBHEists\ranehErgEopBtions of the firstbinding site volume

map;ihafeaieniahshargd vy theisecard hindingisieity JPme 5MP +8A6rd]) thereby

those portions of the second binding site volume map that are not shared
deteraning s PBiRIRG i EFBRIMESHHESS: 25. The method of any one of claims

18 t@i%aééﬁ@ﬁfﬁ@a@%ﬁ?@ﬁgﬁmg {AL£AMPiSRD &M@éqmﬁﬂr%&é‘ﬁty of Voronoi
y

Voronoi region of each atom of the first macromolecule, there

verggesr kY 4P SRVEINGY RIGHRS, i determining each Voronoi
vertiee)inthei Rl af Yaienahtegianse theraly puatarpininapmluightyes as a

of Voronoi vertices; (iii) assigning an alpha sphere to each Voronoi vertice

hydrophdlisisphaeg oF wépelephobinpberndise) ar @Ay of Sheriaesr pmiere to

foraPREIRSo b HiResiYinG LA 6 BRRGIVESRIEEUR the plurality of alpha
spheres as a hydrophilic sphere or a hydrophobic sphere based on an

abilify o iHETEEE e BtR/ PYERERS 1o Bihda §ehEshY WripeaforilBRlity of
calfRNRasHamRlesule Rk RHSIBiRGdhR alveality alialp Bamanhesas therePlurality of

forming a plurality of candidate binding sites, wherein each respective
candidaify ﬁﬁ‘@%ﬁ@mpmgspm%qi&romore alpha spheres in the plurality of alpha

spheres, wherein at least one alpha sphere in the three or more alpha spheres is
hydrophobic;

(vi) ranking each respective candidate binding site in the plurality of candidate
binding sites by a number of hydrophobic contacts made by the respective candidate
binding site to the macromolecule, thereby forming a ranked set of candidate binding sites;

and

(vii) determining the first binding site from the ranked set of candidate binding

SHes.

26.  The method of claim 25, the method further comprising eliminating near duplicate

alpha spheres in the plurality of alpha spheres prior to said clustering (v).

27.  The method of claim 25, wherein the determining (vii) comprises:

(a) receiving a selection of a candidate binding site in the plurality of candidate
binding sites from a user, wherein the candidate binding site selected by the user is deemed

to be the first binding site, or
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candidate binding sites comprises three or more alpha spheres in the
plurality of alpha spheres, wherein at least one alpha sphere in the three
or more alpha spheres is hydrophobic; (vi) ranking each respective

can te bindi S|te nthe lurality. fca dldat ing site
BT ST AT SR UL ot 5 e FOUSSe s CARMRUaR Pnding sics
thab}nﬂlragxmtemtﬂnaunﬂmzonfdiedtdphdbwehylmﬂmmgiatmmkedrsmcﬁﬁcule to be the

q g%nc(ljdate binding sites; and (vii) determining the first binding site from the
ISL NSRS % candidate binding sites. 26. The method of claim 25, the
method further comprising eliminating near duplicate alpha spheres in the

plural.Ihgl5 of %ﬁa fh% ardeTS} qgor tqnsg;d c Stelilns%g_u% S2 Ié}ﬁ rﬁsés 3 t&e~lmkage

cIa| ereln etermining (Vi) cCOmprises: eceivi asee

clustkarcanidicapdupaticynef sitshinstihephlurality of candidate blndlng sites from
a user, wherein the candidate binding site selected by the user is deemed

to be the first binding site, or 42 (b) deeming the candidate binding site in
29.the fﬁimeﬂtheﬂ of eapdidate biaﬁdialsg Site38thht Heasrmmagrileaumbes; of

hydr blC conta smg 1 acr ménslecu t%rse 1ned1f'r5t |nd| 6saﬁtle,[he did
é" ‘ettrod Bf cldim % \/9 e clus erlng(v rse’ &

comm@eslu}ﬂagéltgluﬁgrmgmmﬂaenﬁurahty of alpha spheres 29. The method
o B S LS 0 T B
botbo(abrfaﬁsmspiarﬂi&yajpmictnﬂmms cﬁ"ndléll)aldéntg‘ymg ﬂmeﬁlrandbl(ﬂnﬂmgcsiwithin a

pre\ée%rmn?n@q?%ﬁs all dgflgt? r][ts |n 8’9 the%rs?%%gcgoa fafl mslde the alpha

eres of the |n ing sl e ma an are within a 5elf1erm|ned
distance of at least one atom of the first macromolecule. 30. The method

30.0f claig ZRiwhereinthe ), e\QE&%{H'{H%%E%E%&%ﬁ%@cQé%ﬂB&% REdNBABe between
1.2 Angstroms and 2.0 Angstroms. 31. The method of claim 29, wherein

L e SRRt R U RIS between 1.35 Angstroms and 1.85
Angstroms. 32. The method of any one of claims 18 to 31, wherein the

method further comprises _classifying each respective region in a plurality
3ot re%ngqﬁtﬁ’ﬂﬁje%{l Fhdm A eVl the predetermined distance is between 1.35

Angstroms and 1.85 Angstroms.

32. The method of any one of claims 18 to 31, wherein the method further comprises
classifying each respective region in a plurality of regions of the surface of the third
binding site volume map based upon a first characteristic that is complementary to a second
characteristic of a portion of the first macromolecule that is nearest to the respective

region, thereby creating an interaction map.

33. The method of any one of claims 18 to 32, wherein the third binding site volume
map comprises a volumetric combination of the binding site volume map of more than two

macromolecules.

34. The method of any one of claims 18 to 33, wherein the third binding site volume
map comprises a volumetric combination of the binding site volume map of more than five

macromolecules.
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binding site volume map based upon a first characteristic that is
complementary to a second characteristic of a portion of the first
macromolecule that is nearest to the respective region, thereby creating
35.20 '”ﬁﬁéacgﬁé%ﬁnc?ﬂ?@?ogeh‘éﬂﬁa%?sd1%f t%%?Q\%QJﬁFAaﬂﬁﬁstl%?dtB@&n‘g@ﬁée%1ume
the third binding site‘'volume map comprises a volumetric combination of
mathedpipdiseg siteohahrne map whatiore aharetivimding criomotbonke si@4of hwre than
ﬁftgneﬁtrq}%grgﬂm%@éﬁgs? qf claims 18 to 33, Wher_ein_the third binding sitle
volume map comprises a volumetric combination of the binding site
volume map of more than five macromolecules. 43 35. The method of
36.2NY 9 gLelaim? 'ciln%r O34T RS {E‘%ét“dge %@91'89& ﬁ{}ﬁaé[l%?ﬂﬁri u%?
comprises a volumetric combination of the bin Ing site volume map
moréRhantfiftéenthedorontsiecwes. 186, Fheintethod dfvary oneotaladmeniputer-
realiR stﬁ)?a%] e%ﬁ&gi%{{ t'&%&%g%ﬂ&ﬁ%%éﬁé ?H%&glgg% IDERIAGH O BRP A puter
a user interface device, a monitor, a computer- readable storage medium,
syséevumpdigriavadabtememgsjtcorcduimeahep.remote computer system; or
displaying the binding site volume map. 37. The method of any one of
.. claims 18 to 36, the method further comprising: (F) outputting the third
37 pindinef SREBRS B EAPCE L 3585 iHrdfrate BERES %' HBRACTORPTISINg:
computesufpatiablersiafage FREHIT:IR CARphenipadalleBemenfaor device, a
local or remote computer system; qr displaying the third hinding site
MOl SHEB ST RO T R S e PR TG A oMt - or & local or
rerRbQOEampRIedictcexeeWRBle Y ahe aRRUiBIdin.aYRl valenebinging site of
a macromolecule, the computer program product comprising instructions
for carrying out the method of any one of claims 1-37. 39. An apparatus
38.for edataatingerisidaily sicdiviasinsomisguier regppaperduct, executable by a
oS MBLIS, ARIRCPHRN AR MEMARh GAURIER O NERIAGERS hrthieim produc

emory storing a module Tomprising Instructions for carrying out the
compthing ofséimgtome Birclaimimg G1.tha method of any one of claims 1-37,

39. An apparatus for evaluating a binding site of a macromolecule, the apparatus
comprising:

a processor; and

a memory, coupled to the processor, the memory storing a module comprising

instructions for carrying out the method of any one of claims 1-37.
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